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PREFACE TO THE FIRST EDITION. 

The greater part of the following papers 
"was originally written for delivery in the 
form of popular lectures. They were then 
published in a University Magazine, the 
Light Blue; and having met with consider- 
able success in both these ways, they have 
now, at the suggestion of several friends, 
scientific and non-scientific, been partially re- 
"written and enlarged into their present form. 

I have endeavoured, however, to keep their 
original object unaltered, and to wTite nothing 
which would not be at once interesting 
and intelligible to non-scientific readers. 
There is no lack of systematic, and yet easy 
works of Astronomy, such as those of Sir 
John Herschel, M. Arago, and W. Norman 
Lockyer; and I have, therefore, made it my 
object not so much to instruct as to entertain, 
and possibly in some cases to inspire a 
taste which might lead to the further 
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prosecutian of a most fascinating study. 
This must be my apology for passing over 
entirely many important parts of the subject, 
and simply selecting a few points here and 
there which seem to afford scope for striking 
or amusing amplification. 

I have to thank two very distinguished 
Members of my own College, Sir William 
Thomson and Professor Tait, for kind sug- 
gestions and advice. 

Peterhouse, 

December^ 1S73. 



The kind reception which the first edition 
of these papers met with from the public 
and the press encourages me to think that 
their object has been in some measure 
attained. I regret that the pressure of other 
work has so long delayed the appearance 
of the second edition. It contains a few 
alterations and additions. 

August, 1875. 
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5HE Romance of Astronomy strikes one 
at first as sounding something very- 
like a contradiction in terms. We might 
naturally be inclined to think that there is 
about as much of romance in astronomy as 
there is of poetic fire in Martin Tupper, or 
of charity in a Saturday Reviewer. Anyone 
listening to the conversation of two astrono- 
mers', and hearing them descanting enthusiasti- 
cally about perigees, apogees, and syzygies, 
right ascensions and declinations, precession 
of the equinoxes, and the longitude of the 
moon's ascending node; or anyone opening 
at random the pages of a work on the science, 
and finding an incomprehensible mass of cal- 
culations, formulae extending over twenty lines 

B 
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and using up all the letters of two or thre 
alphabets, and diagrams like nothing in th 
earth beneath, or in the waters under th 
earth, and only bearing a very faint resem 
blance to things in heaven above; anyone 
we repeat, on getting such an introductia 
to the subject, would be very much temptei 
to think that romance and astronomy wer 
altogether incompatible. Science is said b; 
rhetoricians to be the logical opposite c 
poetry, and whence then can come any ele 
ment of romance into the sternest and lofties 
of the sciences ? 

But if we consider not so much the stud 
of the science itself, in its profound am 
recondite details, as the results to which i 
attains, the magnitude and importance of th 
subjects it treats of, and the beauty an< 
grandeur of the phenomena it investigates 
we shall have to acknowledge that somewher 
or other in the ponderous tomes of astro 
nomical science there must lie entombed ricl 
stores of novel and unwonted interest. Th 
science which fathoms the infinite and reckon 
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up the eternal, which pierces the abysses of 
space, grasps the orb which we see now by 
the light that left it eighty thousand years 
agOy measures its distance, and traces its 
movements — ^the science which accomplishes 
such marvels as these, and the history of the 
gfreat men who achieved these noblest triumphs 
of human intellect — must surely furnish many 
themes and contain many episodes of a cha- 
racter as wonderful and as truly romantic as 
we can find within the airy realms of fiction 
or of poetry. And besides the grandeur of 
the phenomena of astronomy and the romance 
which gathers round its history in all ages 
and casts a brilliant gleam here and there 
upon its sober annals, there often flashes even 
across the pages of the driest and most mathe- 
matical parts of the subject a glimpse of strange 
and unexpected interest; and a fact here and 
a figTire there will start the mind in a train 
of firesh and novel speculation, and set the 
fancy to luxuriate in new and untrodden realms. 
Many of these points, moreover, to which we 
allude, though very interesting and wonderful 

B2 
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in themselves, are yet of comparatively little* 
importance from an astronomical point of view ; 
their interest centres in themselves, and the 
results to which they lead must be regarded 
as rather curious than valuable ; and hence 
they are but little to be met with in books, 
or if touched upon at all, are soon abandoned 
with the remark that it is time to quit such 
regions of endless and unavailing speculation. 
Now some of these speculations we purpose 
following out a little to their legitimate con- 
clusions, trusting that from the above reason 
they may prove new to many of our readers. 
And in the other points which we take up— 
for we must not confine ourselves to so limited 
a portion of the romance of astronomy as this 
alone — ^we shall seek to select those which are 
likely to prove at once the most striking and 
the least familiar to non-scientific readers. 




THE PLANETS. 

}E turn naturally first to our sister planets. 
They are in all respects analogous to 
our own globe; they hold the same position 
in the great system of the universe that we 
do, and in them— if in any of the orbs of heaven 
at all— we might expect to find the face of 
nature presenting the same appearance, and 
the course of nature the same phenomena, that 
they do to us. But not such do we find to 
be the case. Some of them indeed will re- 
semble us pretty closely in one thing and 
some in another, but in every one the points 
of contrast will be much more numerous and 
striking than those of similarity. 

In looking over a table of the elements of 
the planets, one of the points which most 
attract our attention is the very great differ- 
ences in size which they present ; and as this 
circumstance is the cause of some of their most 
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striking physical peculiarities, we may com- 
mence with it our examination of them. It 
affords, too, a remarkable illustration of the 
statement we have made, that a fact of ap- 
parently little importance in itself often leads 
indirectly to very unexpected and startling^ 
consequences. The magnitude of a planet is 
a point we should never expect to find in any 
way necessarily connected with the nature of 
the beings who inhabit it and the general 
character of life at its surface, and yet we 
shall find it intimately related to these matters, 
and that to the production of very singular 
consequences indeed. Take for instance the 
case of one of the minor planets — Ceres, or 
Pallas, or Vesta. Astronomers tell us that 
the diameter of the earth is 7912 miles, and 
that of Ceres 160 miles; and the words may 
very easily pass in at the one ear and out at 
the other, without leaving any impression be- 
hind; or if we pause for a moment to think 
over them, it will likely only occur to us what 
a compact little world Ceres must be, how 
easy it must be to get from one place to 
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another in it, and how delightful to be able 

to sail round the world, pay a visit to one's 

friends at the Antipodes, and get settled at 

home again, — all within the short space of a 

week. But if we look at the subject a little 

more closely, we shall find that it involves far 

more extraordinary consequences than these. 

We know that by the law of gravitation, th6 

force with which one body attracts another 

varies directly as its mass, and inversely as 

the square of its distance; and also that a 

sphere attracts any external object as if its 

own mass were all collected at its centre. Now 

the diameter of the earth being fifty times as 

great as that of Ceres, it is altogether 125,000 

times as large; but this disproportion being 

partially counteracted by the greater distance 

of its surface from the centre, it follows that 

on the whole the force of gravity here is 

fifty times greater than at Ceres — or, in other 

words, any object here is fifty times as heavy 

as it would be there. Now let us look for 

a moment at what is implied in this. The 

first and most obvious consequence is, that a 
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man will be able to lift fifty times as great 
a weight there as here. A ton would be an 
easy load> boys would play at ring-taw with 
huge round boulders instead of marbles, and 
a rattle intended for a stout baby might be 
made as heavy as a moderate sized cannon- 
ball. If the tower of Siloam had fallen there 
instead of here, the men, instead of being 
crushed by its weight, would have lifted them- 
selves and it up with the greatest ease, and 
felt nothing tlie worse for the accident. But 
there are more singular consequences yet. We 
know that if a body be once set in motion, it 
would continue moving to all eternity, if not 
brought to rest by some external force. Thus 
when a man leaps up into the air, he would 
continue ascending for ever, were it not for 
the attraction of the earth, which very speedily 
brings him down again. But at Ceres, this 
force is so small that it will be much longer 
before it takes effect, and a man might con- 
sequently leap to an enormous height before 
the attraction would check his ascent. Jump- 
ing over a house-top would be a very trifling 
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exploit, while a good leaper would think 
nothing of clearing, with a short run, the new 
tower of St. John's Chapel, or the great Pjo^a- 
mid itself. Staircases might be abolished, for 
even a stout old lady could easily jump in at 
a three-story window. The range of projectiles 
would be increased in proportion. Ensign 
Humphry, with a good telescope, would put 
a ball into the bull's-eye from a distance of 
twenty miles,* An economical war-minister 
could no longer build on the security afforded 
by " the streak of silver sea," for Great Britain 
might be swept with artillery, from the Land's 
End to John O'Groat's House, by batteries 
erected far inland on the continent. 

Nor have we exhausted the wonders of 
Ceres yet. When Swift made Gulliver describe 
his adventures among the Brobdingnagians, 
he probably had no idea that they were even 
farther removed from reality than the other 
creations of his fancy — that they were not 

• Provided that he could see round a comer, as on so smaU 
a globe as Ceres an object at that distance would be far below 
the horizon^ 
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only myths but absolute impossibilities. A 
giant here would be crushed by his own 
weight. A very easy calculation will shew 
this. Suppose a man twelve feet high, and 
stout in proportion. He will be twice as long, 
twice as broad, and twice as thick as an 
ordinary mortal, and thus eight times as 
heavy. Now if we take a cross section of his 
leg, the cut surface will be twice as broad 
and twice as wide as usual, and thus four 
times as large altogether. We shall thus 
have eight times the ordinary weight to be 
supported by only four times the ordinary 
surface ; and hence the stress on the bone 
will be twice as intense as usual. In the 
same way, in a man three times the ordinary 
height, the stress would be three times as 
great, and so on. Such a stress might perhaps 
be borne, but when we got the length of a 
giant sixty feet high, the stress would be ten 
times as great, and that the bone certainly 
could not bear. It would either be crushed 
outright if the giant attempted to stand erect> 
or else his legs would totter, his knees would 
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bend, and his mighty body come thundering 
down to the ground. Once down, it would 
be utterly impossible for him to get up. A 
sitting posture he might perhaps compass; 
but if he were a very big giant indeed, that 
too would be out of the question — and he 
could do nothing but lie along on the ground. 
But transport him to our queer little friend 
Ceres, and he is all right at once. In a 
moment he becomes fifty times lighter than 
he was, he leaps to his feet with ease and 
rears his huge head sixty feet into the air, 
his legs recover their strength, his aching 
bones grow well, and he may proceed, if he 
please, to astonish the acrobatic natives of 
the planet by gymnastic exploits far surpass- 
ing even their own. 

Indeed, all the wonderful feats we have 
seen that an ordinary man would be capable 
of at the surface of Ceres must be multiplied 
fifty-fold when we take into account the 
superior possible size of the inhabitants of 
that planet. Muscular exertion there goes 
fifty times as far as it does here; and as 
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these gigantic beings will be able to put 
forth at least fifty times as much of it, the 
exploits they will be capable of achieving 
must be no less than 2500 times as great as 
anything that could be done here. Upon this 
enlarged field of speculation we can scarcely 
venture to enter. The wildest flights of fancy, 
and the most exaggerated visions of fairy- 
land, will be more than realized. Like Milton's 
angels, they could tear up the hills by their 
bases and hurl them at their foes. Stronger 
than the vanquished Titans of old, fetters of 
iron would be to them as threads of gossamer ; 
and mountains piled on the top of mountains 
would not sufiice to crush or imprison them 
with their load. Like the genii of the Arabian 
Nights, they could spring at a bound from 
the earth to the clouds, or clear half-a-dozen 
miles at a single leap. The seven-league 
boots would be no longer a fable. Puck said 
he would put a girdle round the earth in forty 
minutes; but one of these giants of Ceres 
would stride round his planet in less than 
half the time. 
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Of course all the other denizens of the 
asteroid will have their size and strength in- 
creased in the same proportion. The race- 
horse will rear his crest two hundred feet into 
the air, and gallop five thousand miles an 
hour. The giraffe on the plain will lift his 
stately head, and browse on the trees that 
crown the mountain-top. The ponderous ele- 
phant will cover three acres of ground, and 
surpass in strength the most powerful steam- 
engine. The lion's roar will be more dread- 
ful than the thunder-peal, and his resistless 
spring more terrible than the lightning's flash. 
Snakes two hundred feet in circumference 
and a thousand in length will roll their huge 
coils through the forest; while the sea will 
boil and foam with the gambols of its niighty 
inmates, and the gigantic carcase of Leviathan 
extend for a mile along the deep. 

If we reverse the circumstances and go to 
a world larger than our own instead of smaller, 
the case will of course be exactly opposite. 
If we ourselves were transported to the sun, 
we should feel as much like fish out of water 
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as the colossal inhabitants of Ceres would do 
here; and in fact it will be readily seen that 
if the sun were inhabited by beings constituted 
like ourselves, its population could consist only 
of dwarfs two or three inches in height. Very 
singular it surely is that the larger the world 
the smaller its denizens must be, that the in- 
habitants of the earth should be men, those 
of the sun dwarfs, and those of the tiny 
asteroid giants. 

We must remind oUr readers — ^what they 
might well be excused for forgetting — that we 
are not romancing about what might be the 
case in some absurd and impossible circum- 
stances, and if the laws of nature were to 
undergo sbme extraordinary and unheard-of 
change> but that we are speaking in all truth 
and soberness, and that what we have stated 
is absolute and demonstrable fact.* If any 
man were transported at this moment to the 



• See Herschel's Astronomy, end of Chap, viii., where some 
of the above ideas are hinted at. Our mathematical readers will 
see that there is not the slightest exaggeration in the extent to 
which we have carried them. 
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planet Ceres, he would be able to do every- 
thing we have mentioned; and the actual 
inhabitants of that planet, if constituted like 
ourselves, must be able to do the same. 
Whether, if they exist at all, they are beings 
like ourselves or not, of course we cannot 
tell; their frames may be feebler and their 
powers more limited than our own, ,and life 
at the Asteroids may be after all not so very 
different from life on the earth itself. 

And now to consider . a few other points 
connected with the planets — those namely 
which arise from their various positions re- 
latively to the sun, and from the character 
and velocity of their movements. The general 
celestial phenomena, and the periodical 
changes connected with them, must of course 
be the same at all the planets. They have 
the same alternation of day and night, of 
summer and winter, that we have. For them, 
as for us, the sun has been set to rule the 
day, and moon and stars to rule the 
night. But though their times and seasons, 
their days and years, are exactly analogous to 
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our own, yet the differences in their positions 
and movements will produce corresponding 
differences of a very marked kind in the 
lengths of those periods and in the vicissitudes 
of climate occasioned by them. The most 
important of these differences are caused of 
course by the very various distances from tjie 
sun at which the planets are situated. Mercury 
is three times nearer to it than we are, and 
Neptune thirty times farther away. It follows 
from this that at Mercury the sun will appear 
nine times as large as it does to us — the in- 
tensity of its light and heat being of course 
increased in the same proportion ; while at Nep- 
tune all its influences will be nine hundred 
times feebler than they are here. Hence at the 
former planet the average heat must be greater 
than that of boiling water ; and if at its crea- 
tion it contained any seas or rivers like our 
own, they must have been long ago dissipated 
in vapour by the sun's overpowering beams. 
At Neptune, on the other hand, that luminary 
will appear no larger than one of the planets 
does to us. How cold and drear an abode it 
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must therefore be ! — its brightest noon-day more 
dusky than our winter twilight, and its hottest 
midsummer far colder than our frozen poles. 

Another consequence of the varying dis- 
tances of the planets is a great diversity in 
the length of their years, some of them being 
as short as three of our months, while one 
extends over no less than a hundred and 
sixty years. How long and dreary the circle 
of the seasons must be there! — forty years of 
spring, forty of summer, forty of autumn, and 
forty of winter. 

The contrast between the seasons will be in 
some of the planets greater, and in some much 
less than our own; at Jupiter especially there 
will be no perceptible change of seasons at 
all, and day and night will everywhere last 
for twelve hours each, just as at our equator. 
Every region will be temperate; the climate 
a universal and perpetual spring. At Venus 
we have just the reverse. No region is tem- 
perate; the torrid and frigid zones extend 
^o far as to blot out the temperate zone 

altogether, leaving in its place a belt which 

C 
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is at once between the tropics and withiti 
the polar circle. This unhappy region must 
combine all possible disadvantages of climate. 
At one period of the year it has perpetual 
night; at another perpetual day, — and not the 
mild perpetual day of our arctic regions, but 
a real hot day, with the sun high above the 
horizon. Twice in the year he will be verti- 
cally overhead, pouring down his scorching 
rays with a force beyond what we ever ex- 
perience, on account of our greater distance 
from him. Truly that "girdle of Venus" 
must be an unpleasant dwelling-place! 

The orbit of Mercury presents a very 
marked eccentricity ; — in other words the 
planet is much nearer the sun at one period 
of its revolution than at another; so much so 
that that luminary will appear twice as large, 
twice as bright, and twice as hot, when 
Mercury is in perihelion as when in aphe- 
lion; a circumstance which cannot fail to 
be productive of very serious effects to its 
inhabitants. Even at our own earth, whose 
orbit is so much more nearly circular, the 
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same cause produces a quite perceptible effect. 
The earth is nearest the sun in December, 
and the consequence of this is that in our 
northern hemisphere the winter is rendered 
milder than it would otherwise be, while 
south of the equator the heat is considerably 
aggravated. In June the opposite will be the 
case, and the whole result is evidently to make 
the northern hemisphere more temperate than 
the southern. Acoordingly, we find that the 
intense heat of the sun is much more com- 
plained ^f in the Australian and South African 
deserts than in those to the north of the 
equator. The eccentricity of the earth's orbit 
is at present diminishing at a small uniform 
rate,* and the effect of this, in a sufficiently 
long course of time, would be to decrease 
these annual variations of temperature. In 
some of the other planets, however, it is on 
the increase, and when this fact was first 
discovered it excited great interest among 
astroinomers. The increment, though extremely 



« Due to the perturbing influence of the other planets. 

C2 
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small, appeared to be perfectly regular, and 
if continued long enough it must infallibly 
cause such frightful vicissitudes of cold and 
heat as to destroy any life which might exist 
at their surfaces. Lagrange, however, sucr 
ceeded in establishing a beautiful and simple 
relation between the eccentricities of the planet- 
ary orbits, which showed that none of them 
could ever exceed certain definite limits, and 
that although they might increase for almost 
countless ages, a maximum would in time be 
reached, and a compensating period of diminu- 
tion would ensue. 

Lastly, the rotations of some of the planets 
on their own axes are performed in much 
shorter periods than that of the earth. The 
effect will be to shorten the length of the 
day, to make the planet bulge out at the 
equator, and to diminish gravity by reason 
of centrifugal force. We all know that if a 
stone be tied to a string and whirled round> 
it will acquire a tendency to fly off, which 
will be greater the faster it is whirled. In 
the same way some of the planets spin round 
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so rapidly as to communicate to any body on 
their surfaces a very powerful tendency to fly 
oflF, which is, however, counterbalanced by the 
effect of gravity. But if Jupiter's rotation 
were only four times faster than it is, the 
cientrifugal force would be so great that all 
the inhabitants would be sent flying off through 
the air— -or rather along with it, for it would 
go too. When the impulse with which they 
started was lost, ' they would of course fall 
back to the ground, but only to be shot oft 
again at once; and in this state of perpetual 
oscillation, bouncing up and down like an 
india-rubber ball, they would spend all their 
lives, unless they took some means of anchor- 
ing themselves to the surface of their planet. 

The class of phenomena which we have 
been last considering depend all of them 
upon the positions and movements of the 
planets, and are hence common, with various 
modifications, to the whole of them. But 
besides these there are connected with all of 
them special points of individual interest, 
arising from circumstances peculiar to them- 
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selves alone, and over these we must cast a 
rapid glance before we prt)ceed in our ex- 
cursion to visit a new set of worlds. 

Of the first of the planets, Mercury, we 
know but little. From the closeness of his* 
proximity to the sun he can never be seen 
with the naked eye, except occasionally for 
a few moments close to the horizon, im?- 
mediately after sunset or before sunrise; and 
even these hurried glinrrpses cannot be got 
except at considerable intervals and under very 
favourable circumstances.* Hence, though hi» 
existence seems to- have been known from a 
very early period, he wasi comiparatively seldom 
seen before the invention of the telescope. 
Copernicus lamented upon his death-bed that 
he had never been able to catch a glimpse 
of Mercury at all ; the mists from the marshes 
of the Vistula too obstinately fringed tlie* 
morning and evening horizon round the Ob- 
servatory of Thorn. A distinguished French 



« It is calculated that Mercury, Venus, and the Earth will, 
from a similar reason, never be visible at all from the surface 
of Uranus. 
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astronomer of the same period only saw him 
twice. The telescope when turned upon him 
shews us little but a small round disc, which 
exhibits phases, like the moon, according to 
its relative positions with regard to the sun 
and to the earth. Recent observations have 
revealed enormously lofty mountains upon his 
surface, eight times as high in proportion to 
their planet as the Himalayas are to our own 
globe. The proximity of Mercury to the sun, 
the eccentricity of his orbit, and the fact that 
he is unattended by any satellites, rendered the 
determination of his mass and other elements 
a matter of much difficulty, and great dis- 
crepancies exist between the earlier estimates 
of them. Fortunately his small size, and the 
consequent insignificance of the perturbations 
he produces in the other planets, diminished 
the importance of having an accurate knowledge 
of him. Any similar uncertainty about one of 
the larger planets would have interposed most 
serious obstacles to the progress of science, 
and would, for example, have rendered the 
discovery of Neptune impossible. 
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It is at present uncertain whether there 
are any planets within the orbit of Mercury. 
If there are, their light must be so over- 
powered by that of the sun as to render 
them visible only when he is under eclipse, 
or when they are passing across his disc, in 
which case they would appear as small black 
spots. Astronomers have occasionally fancied 
that they detected planets under the latter 
circumstances, but they have never felt certain 
that what they saw were not merely some of 
the ordinary spqts on the sun. A French 
astronomer, M. Lescarbault, felt pretty con- 
fident on one occasion that he had found a 
real planet, to which he gave the name of 
Vulcan; but twenty years have passed away, 
and the discovery has never been confirmed. 
It was hoped that at the recent total eclipse 
Vulcan might have been seen near the edge 
of the moon's disc when the sun's light was 
cut off; but if he really exists, he lost the 
glorious chance then oflFered him of proving 
the fact, by perversely hiding behind the sun, 
or between it and the moon. 
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With Venus we are all familiar. It is the 
most brilliant of all the planetary or stellar 
orbs ; and the " Star of the Evening, Beautiful 
Star/* has been sung by poets of every age 
and clime, from Homer to the Christy Min- 
strels. Like Mercury, and for the same 
reason, Venus is seldom seen except about 
sunrise or sunset; but as her elongation from 
the sun, though limited, is much greater than 
that of Mercury, she is very frequently visible. 
Sometimes even, though at rare intervals, she 
is sufficiently near us to be seen when the 
sun is above the horizon ; and the sight of 
the little planet, shining softly out in fearless 
companionship with the dazzling orb of day, 
is described as singularly striking and beauti- 
ful. Varro relates a tradition that Venus 
shone thus at noonday, a most auspicious 
portent, upon -Eneas' voyage from Troy to 
Italy. And on the occasion of one of the 
first Napoleon's triumphal entries into Paris 
after a successful campaign, Venus joined in 
the pageant of the procession ; exciting the 
intensest enthusiasm among the populace. 
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who regarded her daylight appearance as a 
miracle; and flattering even the stem heart of 
the conqueror with the thought that Heaven 
itself had sent its fairest orb to grace the 
brilliance of his triumph. It was long before 
it was discovered that the morning and the 
evening star were one and the same planet, 
and hence we meet with it in the classics 
under a double name, — Lucifer, Son of the 
Mcmiing, and Hesperus, Star of the Eve.* 
A similar confusion prevailed with regard to 
Mercury, which as a morning star was styled 
Apollo, the Lord of Day, and as an evening 
star Mercury, the Patron of Robbers. 

The phases of Venus are readily shewn by" 
the telescope, and were detected by Galileo 
soon after the invention of that instrument. 
Delighted at his discovery, but unwilling to 



* 'Huo« S "EaKrtpdpoi clcrt, ^oorv tpiuv iirl yaZaif, 
'Ov Tc fAira KpoKoiriirXoi virtlp aKa Kiii/aTai Hwc. 

Homer II. 23. 226. 
*£<rire/90s os icaXXio-Toc iv 6upavw *l(rraTat darhp. 

Homer II. 322. 18. 
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publish it until verified by fuller observations, 
he shrouded it in the following line: 

Haec immatura a me jam fnistra leguntur,* 

which, anagrammatically transposed with a 
little license, gives 

Cynthiae iiguras emcilatur mater amorum.f 
This ingenious way of embalming a discovery 
until ripe for publication was a favourite one 
with the mediaeval astronomers, as it enabled 
them to claim priority, if anyone else, by 
making the same discovery, should take the 
wind out of their sails.J The result of Galileo's 
first observation upon Saturn was communi- 
cated to the scientific world in the form 
aaaaabeeegiiiillmmmmmnnoprrstttuvv, 
letters which he afterwards arranged thus: — 

Ultimam planetam trigeminam observavi.| 



♦ These tilings, yet unripe and not understood, are read 
by me. 

t The mother of loves emulates the phases of the moon. 

% Simon Mayer, a Bavarian astronomer, contested with 
Galileo the priority of the discovery of Jupiter's satellites^ but his 
claim appears to have been not only unfounded but absolutely 
dishonest. 

Ij I have perceived the most distant planet to be threefold. 



28 The RomanU of Astronomy. 

— — — — — — — « . , — . — * 

Huyghens' discovery of the real nature of the 
ring was first made known thus: — 

aaaaaaa ccccc d eeeee g h iiiiiii 1111 mm nnnnnnnnn 
0000 pp q rr s ttttt uuuuu, 

which, when he had fully satisfied himself of 
its ti'uth, he interpreted into 

Annulo cingitur tenui piano nusquam cohoerente 
ad eclipticam inclinato.* 

As every one knows, the interest of th6 
scientific world is ^t present Very much con-- 
centrated on the approaching transit of Venus, 
or passage of the planet across the sun's 
disc* The importance of this phenomenon 
arises from the following cause. The relative 
dimensions of the solar, and even of the 
stellar system are known with great accuracy ; 
but in order to determine them absolutely, it 
is necessary to know with precision some one 
distance in terms of which the others may be 
calculated. The distance required for this is 
that between the earth and the sun, and the 



♦ It is surrounded with a thin plane ring, nowhere adhering 
to it, and inclined to the ediptic. 
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only accurate way of determining this is on 
the occasion of a transit of Venus. The 
rarity of this phenomenon renders each re- 
currence of it of special importance. It only 
takes place twice in rather more than a 
hundred years, the last occasion having been 
in 1769. Doubts are entertained as to the 
accuracy of the sun's distance as then de- 
termined, and it is hoped that more certain 
results may now be obtained. The nature of 
the observations and calculations required is 
not simple enough to be explained here, but 
any one with a moderate knowledge of the 
science may obtain a clear idea of them by 
referring to Mr. Proctor's works. 

The dazzling and uniform brilliancy of the 
disc of Venus, which renders it very difficult 
to get a good telescopic view of it, is supposed 
to be caused by the reflection of the sun's 
rays off a dense cloudy stratum ; and in fact 
it seems probable that we never see its surface 
at all, but only its illuminated atmosphere. 
In Mars, on the other hand, which is the 
next planet, we can trace with perfect dis- 
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tinctness the outlines of continents and seas. 
The bright ruddy light which distinguishes 
this planet from all the others proceeds from 
its solid parts, and is caused, doubtless, by a 
prevailing reddish tinge in the soil, something 
the colour of our red sandstone, only much 
brighter. The seas are distinguished by their 
blueish tinge, while at the north and south 
poles are large and irregular patches of a 
brilliant white. These have been conjectured 
with great probability to be vast tracts of 
ice and snow; and this idea is confirmed by 
the fact that they are of variable size, being 
largest during their winter, and diminishing 
very perceptibly on the approach of summer. 
These conclusions have recently been confirmed 
by spectroscopic observations. The spectro- 
scope indicates the presence of aqueous vapour 
in the atmosphere of Mars, and therefore of 
water on his surface; and it also shews that 
the reddish hue does not proceed from the 
atmosphere, and must be inherent in the soil. 
Leaving this planet of the "Red, White, 
and Blue," and passing over the asteroids, to 
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which we shall return presently, we come to 
Jupiter, the largest and most important of 
all the planets. This great orb is no less 
than thirteen hundred times as large as our 
earth, and everything connected with him is 
on the grandest scale. His years last for 
ten thousand days, his motion on his axis is 
so rapid that the heavenly bodies must be 
seen changing their places every minute, and 
his nocturnal sky is illuminated by a band 
of four large and beautiful satellites.* His 
surface is divided into bright and dark belts 
parallel to the equator. The former are sup- 
posed to represent dense masses of clouds, 
reflecting the sun's rays more perfectly than 
the solid body of the planet. Their paral- 

♦ These satellites have played a very important part in the 
history of science. Their discovery was hailed as a valuable 
confirmation of the Copemican theory of the solar system, of 
which they present a miniature picture. They have proved of 
great service to the navigator; the time of their eclipses can 
be calculated with great accuracy, and, when compared with 
local time, gives a simple method of determining that important 
and difficult geographical element, the longitude. And some 
discrepancies between their calculated and observed positions 
first suggested the great discovery of the finite velocity of light. 
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lelism to the equator, and their comparatively 
uniform breadths, are probably to be ac* 
counted for by steady atmospheric currents, 
of a character similar to our trade and return 
trade winds, but much more violent, in con- 
se,quence of Jupiter's more rapid rotation on 
his axis.* In fact, all the observations upon 
his atmosphere tend to shew that the wind 
' blows at his surface with overwhelming fiiry, 
sometimes surpassing a thousand- fold our most 
terrific hurricanes. 

The moons of Jupiter were among the 
earliest revelations of the telescope. They 
were discovered by Galileo, who at first sup- 
posed them to be stars, and was much 
puzzled for a few nights by the irregular 
manner in which Jupiter appeared to move 



♦ Some writers think that the sun's heat at the distance of 
Jupiter cannot be sufficiently great to produce such powerful 
effects in the same way that it produces our trade winds. They, 
therefore, attribute them to some cause inherent in Jupiter him- 
self, and conclude that he is still in that imsettled and un- 
solidified state in which our earth formerly was. This hypothesis 
is rendered more probable by the fact of Jupiter's very small 
mean density. 



The Planets, 33 



about among them. He had gpreat difficulty 
in getting the scientific world to acknowledge 
their existence. Some of the contemporary 
philosophers thought that they were optical 
illusions due to an imperfection of the in- 
strument. Many absolutely refused to look 
through such an unnatural and diabolical 
engine as the telescope, and of course there 
was no other way of proving to them that 
the moons were really there.* One of these 
sceptics, Libri of Pisa, died during the heat 
of the controversy; and we find Galileo, in 
a letter to a fi-iend, charitably hoping that 



♦ It is not quite certain that Jupiter's satellites have not 
occasionally been seen with the naked eye by persons of very 
powerful sight. In an early Japanese plate Jupiter is represented 
with two small stars beside him, which very possibly are meant 
for two of his moons. At a time when this subject happened 
to be exciting a Httle discussion in the scientific world, a German 
lady declared that she could see one of the satellites. Unfortunately 
for her probity, it was soon found that she always saw it on 
the wrong side of the planet — to the right when it should have 
been to the left, and vice versd. The explanation was easy. 
She had got hold of some diagrams representing the apparent 
relative positions of Jupiter and his satellites from day to day, 
but they were constructed for using with the common astronomical 
telescope, which is an inverting one. 

D 
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the way to heaven lay past the planet Jupiter, 
and that Libri might be convinced at last. 
Another unbeliever, a rather eminent astro- 
nomer of the name of Sizzi, delivered an 
elaborate harangue against Galileo, which 
is still extant, and in which he argues as 
follows : — " There are seven windows given 
to animals in the domicile of the head, 
through which the air. is admitted to the 
tabernacle of the body, to enlighten, to warm, 
and to nourish it; which windows are the 
principal parts of the microcosm, or little 
world — ^two nostrils, two eyes, two ears, and 
one mouth. So in the heavens, as in a 
macrocosm, or great world* there are two 
favourable stars, Jupiter and Venus; two un- 
propitious. Mars and Saturn; two luminaries, 
the Sun and Moon; and Mercury alone, un- 
decided and indiflferent. From these, and 
from many other phenomena of nature, which 
it were tedious to enumerate, we gather that 
the number of planets is necessarily seven. 
Moreover, the satellites are invisible to the 
naked eye, and therefore can exercise no 
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influence over the earth ; and therefore would 
be useless ; and therefore do not exist. 
Besides, as well the ancient Jews and other 
nations as modem Europeans, have adopted 
the division of the week into seven days, 
and have named them from the seven planets. 
Now if we increase the number of planets, 
this whole system falls to the ground." 

Absurd as this tirade is, we wonder at it 
the less when we find the illustrious Huyghens 
talking in a similar strain after his discovery 
of the first satellite of Saturn. He says: — 
**The solar system is now complete. It con- 
sists of six planets and six moons, and from 
this equality, and from the fact that they 
together constitute the perfect number twelve, 
we infer that no more satellites will be 
discovered." The philosophers both of the 
ancient and middle ages had great belief in 
perfect numbers, but their superstitions have, 
in the nineteenth century, been thrown com- 
pletely into the shade by the wild ravings 
of Comte, the high priest of Positivism, about 
primes. Like Sizzi, he had a great partiality 

D2 
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to the number seven, because it was a prime, 
and because it was "composed of two pro- 
gressions followed by a synthesis, or of one 
progression between two couples." For these 
reasons he wished it to be made the basis 
of our scale of notation. The latter reason we 
frankly confess our inability to comprehend; 
the former is intelligible, but singularly in- 
consequential. Most people would think a 
prime the worst number possible to found a scale 
on» His favourite number of all, however, is 
thirteen, and that for the following reasons : It 
is a prime ; it is the seventh prime ; seven is a 
prime; it is the fifth prime; and five is a 
prime. Here, unfortunately, he has to stop; 
five is the fourth prime, and four, on Comte's 
principles, is a very poor number indeed. It 
is a perfect square, and nothing on earth can 
twist that into a prime. Comte sincerely, 
regets this little flaw; if only twice two did 
not make four, thirteen would be an absolutely 
perfect number. Still it is so near it that it 
cannot be so very unlucky as it is popularly ^ 
considered; and we trust none of our readers 
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will ever again think it necessary to count the 
number of guests at a dinner-table. 

Undeterred by the cogent arguments of 
Sizzi, Galileo, so far from giving up his moons 
or abandoning his infernal machine, turned 
his telescope, after investigating the orbits 
of Jupiter's satellites, to other bodies of the 
system, and soon detected those most extra- 
ordinary appendages of the next planet, the 
rings of Saturn. The highest magnifying 
powers shew these rings merely as thin lumi- 
nous threads crossing the disc of the planet 
and projecting slightly beyond it at either 
side, but to the inhabitants of Saturn itself 
their appearance must be inconceivably grand. 
To the dwellers on one side of the planet the 
rings must present the magnificent spectacle 
of two vast luminous arches spanning the sky 
from horizon to horizon and rotating with 
enormous velocity ; and to the people on 
the other side the appearance will be the 
same, only that the arches will be dark 
instead of bright ; while the regions which 
lie beneath their shadow will be reduced for 
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long periods at a time to a state of dusky 
twilight. 

It was long supposed that the rings were 
solid, and indeed no telescopic observations 
could suggest to us anything to the contrary, 
their appearance being that of perfect con- 
tinuity. Laplace was the first to discover a 
mechanical difficulty in the existence of a 
solid ring revolving round a planet. He per- 
ceived that such a ring would be in a state of 
what is technically called unstable equilibrium, 
and would naturally tend to split up into 
fragments. Still there the rings were, to all 
appearance, solid and continuous, and he and 
his successors were led to frame a variety of 
hypotheses — possible, though anything but 
probable — to get over this mechanical para- 
dox. But Professor Clerk Maxwell, in quite 
recent years, has demonstrated the insufficiency 
of these theories, and proved that the rings 
must consist of separate fragments or meteoric 
stones, so numerous and so closely packed 
together as to be, at our distance from them> 
indistinguishable from a solid mass« 
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The feeble telescope with which Galileo 
discovered the rings only revealed to him two 
protuberances beyond the disc of the planet 
at the opposite ends of a diameter. They ap- 
peared to him to be detached bodies, and he 
was much surprised to find that they did not 
change their positions relatively to the planet, 
and therefore neither revolved round it nor 
roti^ed with it in its daily course. But extra- 
ordinary as this phenomenon appeared, it 
became still more so when these two objects 
gradually diminished in size, and finally 
disappeared altogether. Galileo was utterly 
baffled. '^Is the legend of mythology,'* he 
asked in amazement, "no longer a fable, and 
has Saturn really devoured his children?'* 
The explanation of course was that the planet, 
advancing in its course, and changing its 
position relatively to the earth, had brought 
its equator into the same plane with us, so 
that the rings only presented their narrow 
rim to us, instead of their broad flat surface. 
But it was not till long afterwards that 
Huyghens, with improved telescopes, detected 
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their real nature. Maupertius started a quaint 
theory for their origin. He supposed that 
they might be the mangled remains of an 
unfortunate comet, which had incautiously 
come too near Saturn, and got his tail wound 
round the planet and twisted off. Another 
theory we shall meet with further on. 

Till within a comparatively recent period 
these five planets — Mercury, Venus, Mars, 
Jupiter, and Saturn — were believed to be the 
only ones besides our own earth in the 
system, but in the year 1781 Uranus was 
added to the number by Sir William Her- 
schel. He did not suspect at first that it 
was anything but a comet, but, as every 
observatory in Europe immediately set to 
work to calculate its orbit, it was soon recog- 
nised as a planet. Herschel wished to call it 
Georgium Sidus, after his kindly and munifi- 
cent patron, George the Third. Several of his 
brother astronomers urged that it should be 
named after the illustrious discoverer himself, 
but the advocates of uniformity insisted upon 
the classical nomenclature being adhered to. 



\ 
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The rival claims of all the old gods and 
goddesses were discussed. The name of Nep- 
tune found considerable favour in this country, 
Englishmen being then justly proud of the 
exploits of their fleet, but the foreign astrono- 
mers would not agree to this. Many other 
names were suggested, and backed up by 
fanciful and epigrammatical reasons. Uranus 
was finally adopted, on the suggestion of 
Bode that the most distant of the planets 
might appropriately be called after the most 
ancient of the gods. 

It was soon found that the planet had 
been observed no less than nineteen times 
before in different parts of the heavens, but 
from its great distance, and consequently in- 
significant apparent magnitude, it had always 
been taken for a star.* This remarkable dis- 
covery, excited the greatest interest among 

* Lemonnier, in especial, seems to have narrowly escaped 
detecting its real nature, as he had observed it several times. 
3ut his observations were not registered and compared with 
sufficient care to lead to any results ; indeed one of the most 
important of them was afterwards found by Bouvard scribbled 
upon a confectioner's paper bag. 
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astronomers, and the hope began to be enter- 
tained that other distant planets also might 
have been mistaken for stars, and that the 
number of the planets might be thus still 
further added to. The only other discovery, 
however, which has yet been made of the 
character anticipated is that of Neptune, whose 
existence was first suspected by Bouvard in 
1 82 1, from the perturbations in the motions 
of Uranus caused by his disturbing influence. 
The problem of determining from these scanty 
data the distance, the orbit, and the mass of 
the disturbing planet, was evidently a possible 
one; but the analytical difficulties which it 
presented to the mathematician were so enor- 
mous, that for more than twenty years no 
one attempted to grapple with them. Our 
own University had the g^eat honour of first 
undertaking the task, and of prosecuting it 
to a successful conclusion. Mr. Adams com- 
menced his ever-memorable researches im- 
mediately after taking his degree in 1843, 
and on the last of September, 1845, his 
calculations of the place in which the sup- 
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posed planet should be sought for were 
tendered at Greenwich Observatory. Before 
commencing the search, which was likely to 
prove a laborious one, the Astronomer Royal 
requested Mr. Adams to make some further 
calculations, with a view of confirming his 
results;* but while he was engaged on these, 
M. Le Verrier (who had been, unknown to 
both of them, employed in similar researches) 
published the results of his calculations on 
the first of June, 1846. As they agreed 
exactly with Mr. Adams', Professor Airy's 
hesitations were removed, and he wrote to 
Mr, Challis, recommending a careful search 
with the great Northumberland refractor in 
the Cambridge Observatory. This advice was 
immediately followed, and an accurate map 
of the part of the heavens in question was 
commenced, with the hope that, on a second 
survey, some star in it would be found to 



* Mr. Adams had based his calculations on the perturbations 
of Uranus in longitude, and Professor Airy suggested that he 
should examine whether those in radius vector would lead to 
the same result. 
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have changed its place, and thereby shewii 
itself to be the planet sought for. But before 
this labour was completed, Dr. Galle, a 
Prussian astronomer, who had the advantage 
of having a good map already in his posses- 
sion, found a new star not laid down in his 
chart; and a little investigation established 
this at once as the long sought for orb. 
Professor Challis found that it was one of 
the bodies he had already mapped down, and 
that a few nights more must have infallibly 
led to its discovery by him also. Considerable 
jealousy was felt at the time between England 
and France with regard to the priority of 
claim between Adams and Le Verrier, the 
French Astronomer being much disappointed 
to find that our countryman had vanquished 
the difficulty first, although his discovery was 
not made public at the time. But after all, 
the question of priority is a small one; each 
of the astronomers completed the task by his 
own unaided genius, and the names of Adams 
and Le Verrier will be handed down to pos- 
terity with equal honour, as the solvers of 
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the hardest mathematical problem which has 
yet engaged the attention of scientific men.* 

No planet more distant than Neptune has 
yet been discovered ; but more than a hundred 
and fifty tiny orbs have been added to the 
system, whose existence had been previously 
unsuspected— not from their distance, but from 
their minuteness. We allude, of course, to 



* The problem was the solution of a series of simultaneous 
partial differential equations with nine unknown quantities, 
namely the mass, mean distance, eccentricity, epoch, and peri- 
helion longitude of the unknown planet, and the corrections 
to the latter four elements of Uranus. The smallness of the 
perturbations in latitude shewed that the inclinations and nodes 
might be neglected, or otherwise, the number of unknown 
quantities would have been thirteen. Many of our readers 
will understand the impossibility of solving such a problem 
bj' any ordinary mathematical methods, and even the usual 
devices of the Planetary Theory, evolved by the genius of 
Laplace and Lagrange, failed in application in consequence of 
the inverse character of the problem. In fact, the old armoury 
of Science was unavailable, and Adams and Le Verrier, in 
fighting their great battle with Nature, had to invent a fresh 
weapon for every stage of the conflict. For an interesting 
sketch of their labours we may refer our mathematical readers 
to Grant's "History of Astronomy," while the question of 
priority will be found discussed in Airy's " Historical statement 
of circumstances connected with the discovery of the planet 
beyond Uranus." 
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the asteroids. The history of their discovery 
is very interesting, and affords a remarkable 
contrast to that of Neptune; being the result 
of a bold and fortunate guess, while the other 
was the fruit of years of patient toil. Soon 
after the elements of the planets came to be 
accurately known, a remarkable empirical law 
was observed to connect their several distances 
from the sun. These were found to form a 
series, the difference between each of whose 
terms was twice as great as the preceding 
difference; in other words, the distance of 
any planet from the next without it was 
twice as great as its distance from the next 
within it. The only exception to this rule 
was in the case of Mars and Jupiter, whose 
distance from each other was much too great ; 
in fact, it seemed as if there was a planet 
wanting between them to complete the perfect 
series. This fact, which was first noticed by 
the Baron de Zach, was considered so remark- 
able, that a company of astronomers banded 
themselves together to institute a search for 
the missing orb, and shared out among them- 
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selves the part of the heavens in which it was 
* expected to be found. The leading men of the 
day considered the idea as alto^ther chimeri- 
cal, arguing with perfect truth that there was 
no reason to believe that the law in question 
was anjrthing more than an accidental coin- 
cidence,* and that it was thus utter madness 
to attempt reasoning upon it at all. The 
madmen, however, pursued their quest; and, 
after a long and interesting search, the first 
of the asteroids was discovered; and shortly 
afterwards, to the astonishment of everybody, 
a second, revolving in an orbit nearly coinci- 
dent with that of the first. This remarkable 
departure from the established analogy of the 
whole solar system attracted universal atten- 
tion; and when a third and a fourth asteroid 
had been discovered about the same place. 
Dr. Olbertz propounded the idea that the large 
planet which ought to have been found in this 
position had been, by some internal convulsion 



* It has since been found to be broken in the case of the 
planet Neptune, 
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or by the shock of a comet, split into fragments 
— each of which was now pursuing its separate 
course as an independent orb about the great 
common centre of the system. This theory 
was at first almost universally received, being 
strikingly borne out by a remarkable fact with 
regard to the orbits of the then-discovered as- 
teroids. If such a catastrophe occurred, the 
fragments would be hurled off in different 
directions and with different velocities, and 
would thus take up different orbits; but as 
the orbit of each would be ever the same, it 
follows that they would all at some period of 
their course pass again through the position 
from which they originally diverged. And 
this was found to be the case. There was a 
particular part of the heavens through which 
the four asteroids at one time or another passed, 
and which was therefore set down as having 
been the scene of the great original disruption. 
It was conjectured by some that the aerolites, 
or shooting stars, were small fragments from 
the same mass, which had been projected so 
far inwards towards the sun as to come w^ithia 
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the range of the earth's attraction, and be 
deflected down to its surface. This latter hy- 
pothesis received a good deal of support, being 
at least as probable as that of Laplace, which 
refers the origrin of these meteors to volcanoes 
in the moon, and holds that they are hurled 
forth from those lunar craters with force suf- 
ficient to reach the earth. But the explosion 
theory is now itself exploded. Many of the 
more recently discovered asteroids do not pass 
near the place of the supposed disruption; 
and, therefore, as we have seen, can never 
have been at that spot at all. It is true that 
the perturbations caused by the other planets 
would by this time have partially affected 
their orbits; but the discrepancy seems too 

great to be accounted for in this way, and. 

the theory has noV been generally abandoned. 

The only other attempt to account for the 

phenomenon of the asteroids is based upon the 

great Nebular Hypothesis of Laplace, which 

we shall explain hereafter. 

These minor planets being all included 

within a belt of very moderate extent, it 
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follows that numbers of them will at soine 
times be comparatively near together, and 
the appearance of the heavens at one of these 
will be peculiarly striking. Many bright 
planets will be scattered over every part of 
the firmament — some appearing as thin silver 
crescents like the new moon,^ some as half- 
moons, and others with fully illuminated discs ; 
some so distant as to be indistinguishable 
from stars, and others surpassing the moon 
itself in magnitude and splendour; their 
orbits crossing and overlapping in every 
direction, and the planets thus circling in 
and out among each other as if in the 
mazes of some majestic dance — some winging 
their flight far away to the most distant 
parts of their orbits beyond the sun, and 
others perhaps approaching so near as to 
fill half the firmament with their glorious 
blaze, and travelling along for days and 
weeks together, so near that their gpigantic 
inhabitants might almost clear at a bold 
leap the airy gulf that separates their worlds 
from each other. 




ASTROLOGY. 

IjE can scarcely turn away from the subject 
of the romance of planetary astronomy 
without alluding to the mysterious influence 
which those bodies of our system were for 
many ages supposed to exert on the affairs 
of men. The science of astrology — for a 
science, and a most elaborate science it was 
— comprehended, of course, the other heavenly 
bodies as well as the planets. But although 
the sun and moon are far more important 
luminaries than the planets, and although the 
stars incomparably exceed them in number, 
yet the simple regularity of their movements 
rendered them far less interesting to the 
astrologer than the "wanderers" of the 
nightly sky. To the ancients, unfurnished 
with the master-key of Copernicus, the 
motions of the planets, with their fitful loops 
and backward sweeps, appeared altogether 

E2 
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arbitrary and irregular, and these orbs were 
therefore naturally selected as those most 
fitted to represent the varying turns of 
Fortune's wheel, and to preside over the 
changing lots of men, of nations, and of 
the human race. 

The origin of astrology, or the foretelling 
of events from the configuration of the 
heavenly bodies, is lost in the mists of a 
remote antiquity; but it was undoubtedly 
practised by the old Egyptian magi, before 
the time of Moses. The father of the written 
science was the illustrious Ptolemy, whose 
astronomical researches seem to have been 
prosecuted mainly for astrological purposes, 
and whose elaborate work, the Tetrabiblos, 
is the t«xt-book of all succeeding votaries 
of the science. According to him, the planet 
in the ascendant at the time of birth was 
the chief ruler of the character and fortunes 
of the "native," as the entrant on this 
world's stage was technically called. Mer- 
cury presided over the mental faculties, and 
literary and scientific occupations. He caused 
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a desire of change — though in this respect 
his influence was less than that of the moon 
— and a love of travelling, Venus was a 
benefic planet, styled the Lesser Fortune. 
She tended to produce a mild and bene- 
volent disposition, with an inclination to 
pleasure and amusement; and her favouring 
influence brought good fortune to the native 
in his or her relations with the other sex. 
Mars, on the other hand, was the Lesser 
Infortune. His influence was not altogether 
evil, but he was decidedly risky, and needed 
to be well aspected by other planets to lead 
to any good. The man born under him 
was high-spirited, quarrelsome, and defiant 
of danger. The woman was probably a 
virago, or at the least what Ptolemy, if he 
had lived in a less favoured age, would 
have been familiar with as ** strong-minded." 
Mars, of course, ruled over warlike pursuits, 
and also over such trades as were concerned 
with iron and steel. 

Jupiter was regarded as far the most pro- 
pitious of all the heavenly orbs, and styled 
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the Greater Fortune. He ruled all high and 
dignified ofiices, especially the Church. The 
favoured mortal bom under him might be 
expected to prove high-minded and honour- 
able; charitable and devout; liberal, wise, 
just, and virtuous. Happy the kingdom ruled 
by a sovereign on whose birth he shone! 
English astrologers of the present day tell 
with pride that our gracious Queen was bom 
when Jupiter rode high in the heavens, right 
upon the meridian. So, they say, was the 
Duke of Wellington; but as both the date 
and the place of his birth were uncertain, 
the astrologers must be as clever as Daniel — 
they can not only interpret the dream, but 
supply it when forgotten. The Greater Fortune 
smiled also, though less ]3rightly, on the birth 
of the Prince of Wales. 

Next him we have the grim and ill-omened 
Saturn, the Greater Infortune; "and justly," 
says Lilly, "does he merit the title, being 
the cause, under Providence, of much misery." 
Those born under him are gloomy and re- 
served in character; faithful indeed, in friend- 
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ships, but bitter and unforgiving towards an 
fenemy. Failure, disease, disgrace, and danger 
beset the steps of the child of Saturn with 
frequent and terrible pit-falls. The only 
pieces of good luck that appear . to be at- 
tributable to him are the gloomy ones of 
legacies ; while his special favourites are 
sextons, undertakers, and mutes. Of Uranus, 
of course, Ptolemy tells us nothing, but 
modem astrologers think him on the whole 
malefic. He causes eccentricity and abrupt- 
ness of manners; and whether he brings 
good or evil, it is always of some peculiar 
and unexpected kind. We cannot find how 
Neptune is regarded by the astrologers : 
probably they have not yet made up their 
minds about him. But we may hope for his 
credit that Adams and Le Verrier, to whom 
he owes so much, are watched over by him 
with special favour. 

Although the ascendant planet is the chief 
element to be considered in Genethlialogy, as 
Ptolemy styles the science of nativities, its 
influence may be modified by its combination 
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with other planets, or its position in the 
zodiac. Thus, while Mars in general begets 
military men, they must, if he be in the 
watery sign of Cancer or of Pisces, find vent 
for their fighting tastes in the navy. And 
so on, from the soldier and sailor, through 
the " tinker, tailor, ploughboy, and apothe- 
cary," down to the "thief," who is bom 
under the moon, "afflicted by Mars.*' The 
tailor is the only one of the list we cannot 
trace. Probably, from his fractional character, 
he belongs to one of the asteroids. 

The signs of the zodiac were supposed to 
have a good deal to do with personal appear- 
ance. Thus Pisces produced a short figure, 
pale and fleshy face, round shoulders, and a 
heavy gait; Taurus a well-set person, with 
broad face and thick neck; and so on. If 
parts of two signs occupied the ascendant 
together, a portion of the body would belong 
to one sign and the rest to another. Wild 
as the whole system of astrology is, it seems 
especially strange that the great philosophers 
of antiquity should have thought that human 
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fortunes could be swayed, not merely by the 
constellations themselves, but by the arbitrary 
and fanciful names which men chose to assign 
to them. 

Definite portions of human life were allotted 
to the different luminaries :— infancy to the 
Moon ; childhood to Mercury ; youth to Venus ; 
the vigour of manhood to Mars; maturer 
age to Jupiter; and second childhood to the 
ominous Saturn. And lastly, the visible firma- 
ment was divided into twelve equal portions, 
meeting in the zenith. The fir^t was the 
house of health ; the second that of wealth ; 
the third that of brothers and sisters, and 
also of short journeys, the latter being pro- 
bably put in to fill up the space if the former 
should be wanting; the fourth that of parents; 
the fifth that of children and of amusements; 
the sixth that of sickness; the seventh that 
of love and marriage; the eighth that of 
death ; the ninth that of scientific pursuits 
and distant journeys ; the tenth that of trade 
or calling; the eleventh that of friends; the 
twelfth that of enemies. The connection of 
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these houses with the rest of the system is, 
of course, obvious. Thus Saturn in the fifth 
house foretells misfortune with one's children; 
Mercury in the sixth house, mental disease; 
and Mars in the eighth house, a violent death. 

Probably few persons have their horoscopes 
erected now-a-days, but we have before us 
that of the Prince of Wales, calculated at 
the time of his birth by Zadkiel, according 
to Ptolemy's rules. The Prince was bom at 
forty-eight minutes past ten, on the morning 
of the 9th of November, 1841, at Buckingham 
Palace, lat. 51° 32'N.> long. 6'W. The sign 
in the ascendant was Sagittarius, which, in 
Ptolemy's words, produces "a tall upright 
body, oval face, ruddy complexion (with a 
tendency to duskiness), chestnut hair, much 
beard, good eye, courteous, fair-conditioned, 
noble deportment, just, a lover of horses, 
accomplished, and deserving of respect." The 
Sun, being well aspected, prognosticated 
honours; and as he was in Cancer, in sextile 
with Mars, the Prince was to be partial to 
maritime affairs, and win naval glory. The 
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house of wealth was occupied by Jupiter, 
aspected by Saturn; and this, as we have 
already seen, betokened " great wealth through 
inheritance " — a prognostication which, in spite 
of republican shoemakers and baronets, is not 
unlikely to come true. The house of marriage 
was unsettled by the conflicting influences of 
Venus, Mars, and Saturn, but fortunately the 
first was to predominate, and the Prince, 
"after some trouble in his matrimonial specu- 
lations," was to marry a princess of high 
birth, and one not undeserving of his kindest 
and most affectionate attention. His marriage 
was to be expected in 1862, There are few 
other predictions of particular events; the 
one put forth with most confidence is that 
of an injury from a horse in May, 1870, 
when Saturn is exactly stationary in the 
ascending degree. Zadkiel says, however, 
that this evil might be guarded against by 
prudence, which we presume was done, as 
the accident did not come off. There was 
also danger of a blow on the left side of 
the head, near the ear; but it does not 
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appear whether this was to be administered 
by the horse, or to be a separate accident. 
The house of sickness shewed a predispo- 
sition to fever and to epileptic attacks. The 
position of Saturn in Capricorn betokened 
some loss or disaster to the native in one 
or other of the places specially ruled over 
by Capricorn; which we find from a table 
to be Brussels, India, Greece, Mexico, part 
of Persia, the Orkney Islands, and Oxford. 
We hope that the place indicated was the 
last of these, as if so the disaster is probably 
well over by this time, and was nothing more 
serious than some slight scrape with the 
authorities of Christ Church. 

But while we have few particulars about 
the Prince's history, we are overwhelmed 
with information about his character. Each 
planet contributes an enormous list of cha- 
racteristics, depending on its position and 
aspects at the moment of birth. When put 
together alphabetically, they give the some- 
what complex character, which we subjoin. 
The infant Prince was to turn out '* acute. 
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affectionate, amiable, amorous, austere, ava- 
ricious, beneficent, benevolent, brave, brilliant, 
calculated for government, candid, careful of 
his person, careless, compassionate, courteous 
(twice over), delighting in eloquence, discreet, 
envious, fond of glory, fond of learning, fond 
of music^ fond of poetry, fond of sport, fond of 
the arts and sciences, frank, full of expedients, 
generous (three times), gracious, honourable, 
hostile to crime, imperious, ingenious, inoffen- 
sive, joyous, just (twice), laborious, liberal, 
lofty, magnanimous, modest, noble, not easy 
to be understood, parsimonious, pious (twice), 
profound in opinion, prone to regret his acts, 
prudent, rash, religious, reverent, self-confi- 
dent, sincere, singular in mode of thinking, 
strong, temperate, unreaferved, unsteady, valu- 
able in friendship, variable, versatile, violent, 
volatile, wily, and worthy." It will be seen 
that the good qualities largely predominate; 
the bad ones are due to Saturn, who, of 
course, must have his envious cut, but who 
is happily pretty well kept down by the 
cumulative influence of the propitious planets. 
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Zadkiel finishes thus: — "The square of 
Saturn to the Moon will add to the gloomy 
side of the picture, and give a tinge of 
melancholy at times to the native's character, 
and also a disposition to look at the dark 
side of things and lead him to despondency; 
nor will he be at all of a sanguine character, 
but cool and calculating, though occasionally 
rash. Yet, all things considered, though firm, 
and sometimes positive in opinion, this royal 
native, if he live to mount the throne, will 
sway the sceptre of these realms in modera- 
tion and justice, and be a pious and benevolent 
man, and a merciful sovereign." 

God grant that it may be so, and that the 
life recently spared in answer to a nation's 
prayers may, while crowned with every good 
and perfect gift itself, be blessed to the pro- 
motion of that nation's truest welfare. 




THE MOON. 

^ASSING now from the planets to the 
other bodies of the solar system, we 
turn in the first place to our next-door 
neighbour — ^the moon. While the interest with 
which we view the planets arises from their 
close analogy and consequently great pro- 
bable similarity to ourselves, that attaching 
to the moon is caused mainly by its remark- 
able proximity to us, and the clear view 
which we accordingly have of its surface and 
configuration. It is, in fact, the only one 
among all the heavenly bodies of whose state 
and constitution we can ever hope to learn 
much by actual observation. With regard to 
the rest, we must for the most part reason 
from analogy alone, and hence we can seldom 
arrive at any results of which absolute cer- 
tainty can be predicated. With the moon 
on th« other hand, we hav^ ocular demon- 
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stration; and though we do not know very 
much about it — not half so much as we 
should like—still what we do know we can 
be perfectly certain of, and that is a very 
great matter indeed. 

Before we touch at all upon the vexed 
and difficult questions of the existence or 
non-existence of a lunar atmosphere, lunar 
seas, and lunar inhabitants, we may glance 
in the first place over those points of interest 
which depend simply upon the position and 
movements of the moon — ^points therefore in 
the determining of which there can be no 
difficulty, and about the results of which 
there can be no difference of opinion. The 
first ideas which the ancients conceived of 
the nature and constitution of the moon were 
very wide indeed of the truth. The old 
Chaldean astronomers supposed that it was 
a globe, one half of which was made of fire, 
and which, by revolving upon its axis, pre- 
sented its different sides to us in succession. 
This idea accounted sufficiently well for the 
phases exhibited by it; it was, however. 
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anything but a probable one in itself; and 
when Thales observed the fact that the bright 
portion of the moon is always that which is 
turned at once to the sun and to ourselves, 
the old hypothesis was at once exploded, 
and the true explanation — that our satellite 
shines with reflected solar light — came to be 
universally received. Next to the phases of 
the moon, the most noticeable point about 
the appearance which it presents to us is 
the fact that the configuration of its surface 
is always the same. From our earliest child- 
hood that configuration, with its quaint re- 
semblance to a human face, has been familiar 
to all of us; the large eyes and arched 
eyebrows of the " man in the moon/' his 
irregular nose, and his long melancholy 
mouth, are among our first recollections of 
the nightly sky. Nor is the idea only a 
tradition of the nursery. It is of the most 
venerable antiquity (though the ancients 
assigned to the moon's face a softer sex 
than we do) ; for we find in Plutarch 

the following quotation from a very early 

F 
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Greek poet, Agesianax, whose works are 
lost : — 

yXavKOTipov icvdvoio <paeivtTai tivrt Kovpov 

Ofifia fcal vypd fxirtoira to i* ipvdpov iirra aotKSV,—* 

lines which Amyot translates thus: — 

De feu luisant elle est environn^, 

Tout k Tentour; la face enlumin^e 
D'une pucelle apparoit au milieu, 

De qui Tceil semble etre plus vert que bleu,— 
La joue un peu de rouge colorfie.* 

The earliest attempt at explaining the fact 
that the moon's surface presents a constant 
appearance to us, notwithstanding its revo- 
lution round us, is found in Clearchus, a 
follower of Aristotle, who says that **the 
moon must be the most beautiful and perfect 
mirror, in regard to smooth polish and lustre, 
in the world; for that in it we see to appear 
reflected the images and figures of our great 
continents and oceans." A little consideration 



♦ Over the orb shines a resplendent light, 

In midst of which a damsel's face is seen ; 
Whose cheeks suffused display her blushes bright- 
Her eye cerulean, or a pale sea-green. 
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sufficed to shew that this hypothesis, besides 
its inherent improbability, was insufficient t6 
account for the phenomenon in question; and 
astronomers were shut up to the conclusion 
that the moon rotates on its own axis in a 
period exactly equal to that of its revolution 
about the earth. This perfect agreement of 
two periods so independent of each other (in 
the case of the earth, for example, the 
angular motion about the axis is 365 times 
as rapid as that in the orbit) was long 
regarded as the most marvellous coincidence 
in the economy of nature; but a recent 
ingenious mechanical explanation, too difficult 
to be given here, has cleared away a good 
deal of its h prion improbability * 

The idea of Clearchus about the moon 
being a mirror was revived in a singular 

• It has been shewn that if the two periods were originally 
at all nearly equal) the attraction of the earth on the protuberant 
parts of the moon would tend to bring them in time to exact 
equality. See Arago's Astronomy, vol. ii» p. 2^3. Routh*s 
Rigid Dynamics^ p. 449. The same peculiarity has since been 
found to hold in the case of the satellites of Jupiter and one 
pi those of Saturn. 

F2 
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manner in the middle ages. Some pseudo- 
philosophers maintained the possibility of com- 
municating between distant parts of the earth 
by reflection at the surface of its satellite. 
**Do we not," they said, "see objects some- 
times reflected by mirrors, even in positions 
in which, by reason of the interposition of 
screens, we cannot see them direct? Accord- 
ingly, writing on paper, either in characters 
of the ordinary size, or magnified by optical 
arrangements, might be reflected up to the 
moon, and from thence be transmitted to 
some point of the earth. They might then 
be magnified by some means so as to become 
visible," 

The necromancer Agrippa had the efirontery 
to maintain that he had actually communi- 
cated in this manner with the distant east. 
Nothing goes down so readily with the igno- 
rant as a good round lie, coated with a flimsy 
varnish of science ; and, accordingly, these 
marvellous asseverations were received with 
very general credence, and the scientific men 
of the day found considerable difficulty in 
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combating them. The energy with which 
they controverted these fabrications made 
them perhaps the less ready to detect the 
grain of truth' which lay concealed under 
the mass of fiction. The faint ashy light 
which irradiates the dark part of the lunar 
disc, and which produces the appearance 
familiarly known as "the old moon in the 
young moon's arms," was long a matter of 
discussion and debate among astronomers. 
Some supposed that the moon's surface was 
slightly self-luminous, others that its mass 
was partially transparent, and that the sun's 
rays penetrated to a small extent through 
it. But both these theories were disproved 
by the fact that in a total eclipse the ashy 
light was altogether wanting* It was reserved 
for an amateur — the painter Leonardo da Vinci 
— to suggest the real explanation; namely, 
that the illumination was produced by the 
sun's rays being reflected from the earth's 
surface to the moon's and back again to the 
earth. The astronomers gladly availed them- 
selves of the suggestion, and being once put 
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upon the right track, they had little difficulty 
in shewing that it presented a most perfect 
accordance with ' facts. It need not surprise 
us that the sun's light, even after two 
reflections, should remain bright enough to 
be discerned by the eye. When we consider 
the brilliant illumination which our own 
surface receives on a clear night from the 
full moon, it is evident that it must be 
quite possible for the lunar inhabitants to 
see their own light reflected back to them 
from us. And as the earth is so much 
larger than the moon, the effect will clearly 
be increased in proportion when we take the 
case of our light returned to us from them. 

The general aspect of the heavens from 
the surface of the moon will not be very 
different from what it appears to us, except 
that on account of the lack of a lunar 
atmosphere, or at least its extreme rarity, the 
celestial phenomena will be greatly increased 
in brilliancy, none of their effects being 
wasted by atmospheric absorption. The sun 
will be, of course, the great luminary in the 
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firmament of the moon as it is in ours ; and 
the great source of lunar — as of terrestrial — 
light and heat. The nightly revolutions of 
the stars also will be the same, and the 
place the moon itself occupies in our noc- 
turnal firmament will be supplied to it by 
the earth, which will present the appearance 
of a splendid moon, thirteen times larger 
than the sun. Its revolution on its axis will 
present its different faces to the moon in 
rapid succession, and when our sky is free 
from clouds, the configuration of land and 
water on our surface will probably be clearly 
visible to the lunar inhabitants. They must 
know more of our circumpolar regions than 
we do, and could doubtless tell us whether 
there is open sea around the north pole; 
though, unless their telescopes are much more 
powerfiil than ours, they could not settle the 
question of the legendary Scotchman. 

This great orb will appear immovably fixed 
in one particular part of the heavens, while 
the stars pass slowly beside and behind it. 
It will display the same phases, and cause 
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and suffer the same eclipses, that our moon 
does. It is scarcely proper perhaps to speak 
of our suffering any eclipse ' from the moon 
at all; for the shadow of that body is so 
small that it will never cover any large part 

• 

of our surface, and will in fact appear only 
as a small black circle passing slowly across 
our disc. But solar eclipses on the oth^: 
hand will be at the moon far more frequent 
and striking phenomena than they are here. 
From the large size of the body behind 
which the sun appears to pass, a total 
eclipse will sometimes last as long as four 
or five hours, during which time the whole 
surface of the moon will be plunged in mid- 
night darkness. 

In consequence of the slow rotation of the 
moon upon its axis, its day and night must 
each be a fortnight long; and as its year 
is just the same length as ours, each of its 
seasons must consist of only three days 
and three nights. But the distinction of the 
seasons will be much less there than on the 
earth, and will besides be almost entirely lost 
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in the far greater difference between night 
iand day. If the atmosphere at the other side 
of the moon be as attenuated as it is at that 
which is turned towards us, this fact, com- 
bined with the great length of time for which 
the sun continues above or below the horizon, 
will render the lunar days more scorching 
than the sirocco, and its nights colder than 
the frigid zone; and thus each of its long 
days will be in reality a summer, and every 
night a winter — the morning twilight spring, 
and the evening twilight autumn. The hemi- 
sphere turned towards the sun, or the part 
of the moon which appears bright to us, 
must have any moisture which it may contain 
dried up by its scorching beams ; while on the 
other, or dark side, the ground must be 
frozen hard to the depth of several feet, 
the mountains covered with glaciers, and the 
seas blocked up with icebergs. At the very 
margin between the two hemispheres there 
will be a narrow temperate zone, which will 
of course move round the moon, as the latter 
turns round its axis and presents its different 
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faces successively to the sun; and the only- 
way in which we can see that life could 
be supported with comfort at the moon (sup- 
posing the atmospherical difficulty surmounted) 
would be by moving constantly round it, so 
as to keep always in this temperate zone. 
A queer Noah's Ark-like sight it would be 
to see the whole inhabitants of the moon, 
side by side, in a huge procession extending 
from pole to pole, and hurrying quickly 
round it at the rate of ten miles an hour — 
some riding, some driving, and some travel- 
ling in slow railway trains; beasts, wild and 
tame, galloping by their side, and all the birds 
of heaven flying along over their heads ! 

But this brings us to the great question 
whether the moon can really have any in- 
habitants or not. Of all the problems which 
the science of astronomy is called upon to 
answer, none perhaps is possessed of deeper 
or more general interest than that of the 
plurality or non-plurality of worlds. We have 
all often wondered, as we have gazed on the 
star-spangled sky, whether those distant orbs 
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are teeming hives of busy life like our own, 
or whether all the inhabitants of the universe 
have been indeed collected upon this one tiny 
and insignificant ball. And as the moon is 
the only one of the heavenly bodies with 
regard to which there has ever been a chance 
of arriving at any positive and definite evi- 
dence upon this subject, it follows that upon 
it have been concentrated almost all the re- 
searches and arguments of astronomers on 
the point. We can fancy the eagerness with 
which Galileo first turned his tiny telescope 
to its mottled face, and his disappointment 
when he found himself unrewarded by any 
revelations of life at its surface. And as the 
instrument has received each fresh accession 
of magnifying power from his day to our 
own, every succeeding observer has felt the 
same anxiety and experienced the same dis- 
appointment. Kepler thought that he saw, 
in the regular circular valleys with which 
the moon's surface is so closely dotted, arti- 
ficial excavations, under the sides of which 
the inhabitants sheltered themselves during 
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their long and scorching days ; but when 
he found on measurement how large the 
dimensions of some of these craters were, he 
was compelled to abandon the idea. Even 
within the last half-century, an eminent 
German observer, in using a new and power^ 
ful telescope, fancied that he had discovered 
a series of colossal fortifications in one part 
of the moon's surface, closely resembling the 
gigantic wall which the Chinese have erected 
against the outside barbarians. But these 
lunar ramparts could not stand against the 
tide of optical improvements, and the next 
big telescope shewed them to be only basaltic 
formations, though of such singular regularity 
that their first observer might well be excused 
for attributing to them an artificial origin. 

The fact is, that no satisfactory traces of 
inhabitants or of their works have ever been 
detected upon our satellite. The smallest 
space that can be distinctly seen with the 
best telescope at the surface of the moon is 
a circle of about a mile in diameter, and 
therefore no ordinary creation of human 



The Moon, 77 



hands could be seen with sufficient clearness 
to place its character beyond doubt. 

An old philosopher suggested, half in 
earnest and half in jest, a method of settling 
the point, which certainly possessed at least 
the merit of ingenuity. He argued that any 
race of rational beings must have discovered 
the leading principles of geometry, and would 
doubtless be aware that the square on the 
hypothenuse of a right-angled triangle is 
equal to the sum of the squares on its sides. 
He therefore suggested that a huge figure of 
the forty-seventh proposition of Euclid should 
be built on some great plain on the earth's 
surface. If the moon were inhabited by 
rational beings, they would be sure to re- 
cognize it as an old friend, and would doubt- 
less divine that their terrestrial brethren were 
wishing to open communication with them. 
They would accordingly reply by the con- 
struction of some other important mathematical 
diagram — possibly, if their geometry is in 
advance of ours, they might send us down a 
method of squaring the circle. Thus we 
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should at once have settled the existence of 
.lunar inhabitants, and started a method of 
communicating with them. Probably our 
next move would have been to construct the 
figure of a man, to shew our new friends 
what we were like, and to hint that we 
should be glad to know something of them. 

An improvement upon this suggestion was 
that enormous bonfires should be simul- 
taneously kindled at points on the earth's 
surface forming the angles of a regular 
polygon. The symmetry of this phenomenon 
would strike the people in the moon with 
the idea of design, and suggest to them the 
existence of terrestrial inhabitants; and they 
would doubtless make known to us in return 
their own existence by some similar device. 
But neither of these experiments was tried, 
and neither of them is likely to be tried 
now; for in more recent periods some deli- 
cate investigations have thrown serious objec- 
tions in the way of the inhabitant theory, by 
proving almost beyond a doubt the lack of 
water, and of all but an extremely attenuated 
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atmosphere, on, at any rate, that side of the 

moon which is turned towards us. These 

conclusions were resisted as long as possible 

by Sir David Brewster, and other enthusiastic 

patrons of the "Selenites," or "men in the 

moon;" but latterly the weight of proof was 

becoming fairly too strong for them, and 

they were being obliged to take refuge in 

the somewhat unsatisfactory argument that 

after all the Selenites might be so constituted 

that they could get on without either water 

or air. 

Some twenty years ago, however, the sun 
of the Selenites shone out from the clouds 
which were gathering round it with a gleam 
of such sudden and unexpected brilliancy as 
to fill Sir David Brewster and his friends with 
extreme exultation, and to carry confusion 
into the ranks of those who had begun to 
triumph over them. And though, alas, this 
light was destined to be soon and speedily 
eclipsed, yet as the incident to which we 
refer forms one of the most striking and 
interesting episodes in the history of science, 
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it would be a mistake to pass it over un- 
noticed. 

It was discovered on a certain occasion 
that the moon had absolutely got no less 
than three seconds behind her proper calcu- 
lated time ! 

What connection a fact like this has with 
the question of the moon's being inhabited 
or not it is not at first easy to see, but 
we shall find that it is really connected 
with it in the closest manner, and that in 
fact it very nearly cleared out of the way 
all the objections which have ever been 
started against the moon's capability of sup- 
porting animal life at its surface. Of course 
it was not to be thought of for a moment 
that so great a discrepancy between fact and 
theory as that mentioned above should be 
allowed to remain unexplained. An express 
train on a journey of an hour's length would 
be granted at least a couple of minutes' grace, 
but not even three seconds could be allowed 
the moon after its long circuit of nearly a 
million miles. Many astronomers, both of 
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this country and of the continent, were soon 
engaged on the question ; and as they failed 
to explain the observed irregularity by the 
disturbing influence of any other body, they 
concluded ere long that it must arise from 
something anomalous in the figure or consti- 
tution of the moon itself. After an elaborate 
analysis. Professor . Hansen, of Gotha, found 
that it could be accounted for by supposing 
that the side of the moon nearest us was 
lighter than the other, and hence that its 
centre of gravity — or the point to which any 
object on its surface would be attracted — ^was 
not at its centre of figure, but considerably 
nearer the side of it which is always turned 
away from us. He calculated the distance 
between these centres to be nearly thirty-five 
miles, evidently a most important eccentricity, 
when we remember that the radius of the 
moon is little over a thousand miles. It 
would probably have been produced by some 
great internal convulsion after the moon as- 
sumed its solid state; but the forces required 

to produce this disruption are less than might 

G 



82 The Romance of Astronomy, 

at first sight appear necessary, owing to the 
fact that the force of gravitation, and the 
weight of matter, are six times less at the 
moon than with us. 

Assuming this peculiarity of the moon as 
proved, the rest of the argument is easy. It 
is clear that any fluid substance at the surface 
of the moon, in its attempj: to get as near as 
possible to the centre of gravity, must have 
flowed round to the other side, and taken 
up a position of equilibrium there — just as 
a drop of water let fall upon a smooth globe 
of any kind would trickle round it and hang 
suspended from the lowest point. In fact, 
we can readily see that the circumstances at 
the part of the moon nearest to the earth 
must be the same as at the summit of a 
mountain on our own globe more than two 
hundred miles high ; and we know that at 
such an elevation as that, the atmosphere 
would be so rare as to be utterly indis- 
tinguishable. At the edges of the moon's 
visible disc, the conditions would be the 
same as at a considerable altitude on the 
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sides of such a mountain. And as we find 
from actual observation that there really is a 
certain attenuated atmosphere at those parts 
of the moon's surface, we are led to the 
unquestionable conclusion that on its other 
side, which would correspond to the level 
surface of the earth, the atmosphere must 
attain a very considerable density, such as 
we have every reason to suppose would 
render it perfectly well fitted for the support 
of animal life. 

The water difficulty is got over in a 
similar manner. It is true that when the 
seas flowed away from the side of the moon 
next us, large bodies of water would be left 
behind in lakes and in the depths of the 
ocean. But the withdrawal of the atmosphere 
would lead to their immediate evaporation, 
and as soon as they were converted into 
vapour, they too would be free to gravitate 
round to the other side. Indeed the visible 
disc of the moon presents every appearance 
of having been, in former ages, to a great 
extent under water. Its enormous level 

G2 
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plains surrounded by lofty mountains, its huge 
basins or craters opening everywhere among 
the rocks, and the vast ravines dividing 
its mountain-chains, are altogether unlike 
our terrestrial scenery; but they are exactly 
similar to what we should see if all our 
oceans, lakes, and rivers were dried up, and 
their beds laid bare. In fact, we can scarcely 
doubt that there were formerly great bodies 
of water on this side of the moon; and if 
there were, it is equally certain that they 
must now be upon the other side. 

We see, then, argued Hansen, that we 
might have predicted a priori the absence 
of air and water from this side of the moon ; 
we see also that there must be air, that there 
probably is water, and that there is no reason 
why there should not be inhabitants upon 
the other side. These are the conclusions 
to which his theory certainly leads, and they 
were of course warmly welcomed by those 
who wished to believe in the habitability of 
the moon. Perhaps the interesting and at- 
tractive nature of the results, founded on 



The Moon. 85 



them, caused Hansen's calculations to be 
received with less criticism than might other- 
wise have been the case. Be that as it may, 
they certainly met with very general accep- 
tance, and will be found referred to in all 
the astronomical works of the period. 

But — alas for the Selenites! — our greatest 
mathematical astronomer. Professor Adams, 
in the course of some refined investigations 
into the smaller inequalities of the Lunar 
Theory, fell foul of Hansen's views, and 
shewed that the celebrated three seconds* 
discrepancy could be accounted for by more 
natural causes. The stern facts of astronomy 
came into ruthless collision with one of its 
most pleasing romances, and the weaker had 
to go to the wall. Adams proved that the 
moon's eccentricity was both unnecessary 
and untenable, and dealt a death-blow to the 
antipodean Selenites by cutting off their water 
supply and putting them under an air-pump. 

But although the moon has been shewn 
to be uninhabitable by beings like ourselves, 
it would be monstrous presumption in us to 
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conclude that it must therefore be destitute 
of life of every kind. It would be quite as 
easy for the Creator to form beings capable 
of thriving in a vacuum, as in the particular- 
combination of oxygen and nitrogen which 
is necessary for our existence. The fact that 
our own soil swarms with creeping things, 
and our own seas teem with myriad beings, 
that never see the light or breathe the breath 
of heaven, and lead a life which we should 
deem impossible if we did not actually see 
it, should teach us not to place limits to the 
possibilities of animated existence. It is true 
that not even the planets nearest and most 
like to us would be suitable abodes for our- 
selves, and that the sun, moon, and comets 
must b^e utterly uninhabitable by any beings 
such as our experience can give us any con- 
ception of. But this does not in the least 
diminish the probability of their having 
denizens "after their kind," The fact is 
that the plurality of worlds is not a question 
for the man of science. It belongs to the 
IMTovincQ of the inductive philosopher and 
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the natural theologian, and must be handed 
over to them, to be judged of by analogy, 
and by a consideration of what we otherwise 
know of the general economy of Providence. 
This part of the argument falls without our 
sphere — it belongs to the Religion of astro- 
nomy, and not to its Romance. The argu- 
ments, however, in favour of the plurality of 
worlds are patent to everyone, and each of 
us may arrive for himself at what conclusion 
he pleases upon it. For our part, we cannot 
bring ourselves to think that our globe is 
the only inhabited one in the universe. Be- 
sides the prima facte improbability that a 
small and insignificant planet, forming not a 
million million millionth part of the universe, 
should be in reality the most important body 
in creation, we think it is utterly impossible, 
on any common- sense grounds whatever, to 
believe that the larger and more distant orbs 
that spangle our firmament should have been 
created for our sakes at all. If their object 
were to afford us light, this purpose might 
have been far more effectually served by 
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giving us another moon not a thousandth 
part as large as any of them ; if it were to 
beautify our celestial scenery, this end, too, 
would have been equally attained by fixing 
some small luminous bodies within the limits 
even of our own atmosphere, instead of by 
placing these gigantic spheres at such incal- 
culable distances from us. Nor is it proba^ble 
that the Divine Architect should have created 
them for His own contemplation and that of 
the angelic hosts alone. It is contrary to 
the whole analogy of nature, and repugnant 
to all the ideas of the Divine wisdom and 
goodness which we have been accustomed to 
entertain, to think that these mighty orbs 
should have been framed for no other end 
than this. In all the economy of Nature 
we find nothing like waste of material or 
aimless expenditure of creative power; and 
while we see every blade of grass around us 
furnished with inhabitants and every drop 
of water teeming with a world of its own, 
it seems impossible to believe that those 
glorious stars should be in reality nothing 
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more than so many waste and gloomy 
deserts. 

Before we pass on to the next part of 
our subject, let us glance for a moment at 
a singular train of speculation suggested by 
Hansen's idea of the eccentric gravitation at 
the moon. Again, assuming for a moment 
the correctness of the idea (and it is not at 
all impossible that such a peculiarity may 
exist in some of the other heavenly bodies), 
we have seen that any object at the surface 
of the moon would be attracted not towards 
the centre but to a point at a considerable 
distance from it. This eccentricity, though 
enough to bring all the lunar atmosphere 
and water round to the heavier side, would 
yet probably be insufficient to cause any 
serious practical inconvenience to the dwellers 
upon its surface; but if it were carried to a 
somewhat greater extent, the results would 
be very singular. The reason why the natural 
position of any object at the surface of the 
earth is an upright and not a slanting one, 
is that the centre of gravity being exactly 



90 The Romance of Astroftomy. 

I , - n _■_ I ' I I u - _ I ■ — — _ ■ I 1 r r I I - 1 - -- - - 1 ' ••* — ^^— 

beneath our feet, the direction of its attracting 
influence is of course perpendicular to the 
surface. But if the centre of gravity were 
removed somewhat to one side, its attraction 
would now be oblique, and all formerly 
upright objects, such as men, buildings, and 
trees, would be compelled to take up a 
slanting position in order to the preservation 
of their equilibrium, while any round and 
easily movable body would immediately bound 
off in the direction of the new centre. Prac- 
tically speaking, this state of affairs would 
be much the same as if the level surface 
were suddenly, and without any change on 
itself, transformed into a steep hill-side; for 
on such a surface, though at right angles to 
the sea-level, we yet occupy a sloping position 
relatively to the face of the hill. But the eye 
would doubtless inform us that we were upon 
a level surface; and, in fact, in order to 
arrive at an idea of the matter, we must 
combine the appearance of a level plain with 
all the properties of a steep incline. At the 
part of the surface nearest the centre of 
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gravity, this "slantindicular'* state of things, 
as the Americans would call it, would be 
especially singiilar. Though the surface all 
round would be evidently level, yet to what- 
ever side we started off the feeling would be 
the same as if we began to ascend a steep 
hill; and while at the central spat a man 
would stand upright^ when he walked away 
in any direction his head would seem to go 
faster than his feet, till he took up his 
natural inclined position. In fact, to ^se a 
slang expression in a strictly literal sense, it 
would be a regular caso of ^* sloping off." 




THE SUN. 

iHE next of the heavenly bodies which 
claims our attention is the great centre 
of the system itself. When seen with the 
naked eye, the uniform and dazzling brilliancy 
of the sun's disc prevents us from getting any 
idea of the configuration of his surface, as 
we can do in the case of the moon ; and 
even when viewed through a telescope, the 
overpowering brightness of the greater part 
of it renders it impossible to distinguish any- 
thing of the surface from which that intense 
illumination proceeds : just as when the eye 
catches the glare from a fragment of glass 
lying in the sunshine, it sees only the light 
proceeding from it, while of the object itself 
it sees nothing. But fortunately for as- 
tronomers, the brightness of the sun's disc 
is not altogether uniform, and by a contem- 
plation of those remarkable phenomena known 
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as the solar spots, they have been able to 
arrive at an idea, and no doubt an approxi- 
mately correct one, of the nature and consti- 
tution of this extraordinary luminary. The 
spots on the sun, though varying much in size 
and shape, yet in their general appearance 
partake very much of the same character. 
They consist of a black central spot or 
nucleus, surrounded by a well-defined fringe 
less dark in colour, which is known as the 
penumbra. Sometimes the nucleus is absent, 
more rarely the penumbra; but the great 
majority of solar spots show both. Round 
their edges there are generally seen sjnall 
patches of light of intense brilliancy, sur- 
passing even the ordinary radiance of the 
sun's disc : these are called faculae. The spots 
are by no means permanent, but undergo 
changes, and often very rapid ones, in 
magnitude and position ; while after a com- 
paratively limited period they close up and 
disappear altogether, to be succeeded by new 
ones, and those again by others, in varying 
and never-ending succession. 
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The discovery of the spots on the sun was ' 
as stoutly resisted by the metaphysicians as 
those of Jupiter's satellites and the earth's : 
orbitual revolution. They could not in this 
case, like the superiors of the Inquisition, 
twist Scripture into contradiction with facts; 
but they took their ground on what with 
them was a still higher authority, the dictum 
of Aristotle. The illustrious Stagyrite had 
proclaimed the heavens incorruptible and 
immutable ; it was beneath the dignity of the 
great orb of day to be affected by any 
physical changes such as our paltry planet 
is subject to. The Jesuit Scheiner, one of 
the earliest observers of the solar spots, was 
prevented by his provincial superior from 
publishing his results. '*I have/' says he, 
"read Aristotle's writings from end to end^ 
many times, and I can assure you that I have 
nowhere found in them anything similar to 
what you mention. Go, my son, and tran- 
quillize yourself; be assured that what you 
take for spots in the sun are the faults of 
your glasses or your eyes." But other glasses 



The Sun. 95 



and other eyes gave the same results, and 
only the most bigoted of Peripateticians could 
deny that their master's infallibility had 
received its death-blow. 

The next discovery was a most important 

one. It was found that any individual spot, 

if it did not break up, moved across the 

sun's disc in a period of about fifteen days; 

that it then disappeared, and after an equal 

interval presented itself again on the opposite 

edge. This evidently pointed to one of two 

conclusions. Either the spots were solid 

iDodies revolving round the sun, or else that 

luminary had himself a motion about an 

axis and carried his spots round with him. 

Scheiner and some other astronomers leant 

to the former hypothesis, but the latter was 

soon received as the correct one, and numerous 

theories were started as to what the nature 

of the spots really was. Galileo supposed 

them to be clouds. La Hire imagined that 

they were huge cinders from the burning 

body of the sun, rising to the surface of the 

fiery ocean w^hich surrounded it, floating for 
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a time upon it, and then being again engulfed 
within it, to rise a second time in another 
place. Derham and Wollaston referred them 
to vdlcanic agency, supposing that they were 
great clouds of smoke and scoriae ejected 
from craters in a state of eruption, and that 
the faculae consisted of flames and streams 
of molten lava* The least improbable hypo- 
thesis was that of Lalande, who believed 
them to be high mountains rising above the 
general solid surface of the sun, and some- 
times covered, sometimes laid bare, as the 
tides and waves of the solar sea surged 
backwards and forwards around them. 

But about a hundred years ago Dr. Wilson, 
of Glasgow, established, from simple optical 
considerations, the fact that the spots are 
depressions below the general luminous sur- 
face, and not eminences above it. It also 
came to be recognized that the rapidity of 
their fluctuations, and the gigantic scale on 
which they take place, are incompatible with 
anything but a gaseous state of existence. 
Accordingly the old idea of a luminous liquid 
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ocean was discarded ; and the following 
theory, propounded by Sir William Herschel, 
is now, in its main points, almost universally 
received. He supposes that the sun has 
two separate atmospherical strata, or rather 
gaseous envelopes of cloud-like consistency, 
both several thousand miles in thickness ; the 
outer one — the photosphere, or source of the 
solar light and heat — being of some extra- 
ordinarily phosphorescent character, while 
the inner one is non-luminous in itself, but 
possessed of a highly reflective surface. 
Upon this theory the spots are caused by 
atmospherical agitations on a most enormous 
scale. A huge chasm, sometimes not less 
than fifty thousand miles in diameter, opens in 
the outer stratum, while a corresponding rift of 
lesser size in the inner one reveals the dark 
body of the sun itself behind. This ac- 
cordingly constitutes the black nucleus of the 
spot, while the penumbra is caused by the 
light from the luminous atmosphere being 
reflected back to the eye from the surface 

of the inner one. If, as not infrequently 

H 
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happens, the rift in the photosphere does 
not extend through the inner envelope, the 
spot will be all penumbra without a nucleus. 
And when we have the rarer occurrence of 
the inner opening exceeding the outer in 
size, the whole spot will be uniformly black. 
The phenomenon of the faculse, which Dr. 
Wilson shewed to be great prominences or 
waves on the photosphere, is due to the 
piling up of the luminous matter thrown 
out from these gigantic chasms. 

Not to enter further into details, which 
would be familiar to scientific readers and 
irksome to others, we may just say that 
this theory accounts in the most satisfactory 
manner not only for all the changing pheno- 
mena of the spots, but for other remarkable 
peculiarities which have been detected upon 
the sun's disc. Sir John Herschel has com- 
pleted his illustrious father's theory by 
suggesting the probable physical cause of 
these convulsions in the solar atmosphere. 
He supposes them to be analogous to those 
terrible whirlwinds or rotatory storms which 
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form so appalling a feature in the meteorology 
of our own tropical regions. Into this theory 
also it is impossible to enter in detail; but 
the whirlpool-like appearance of the spots, 
the situation of them all within a small 
distance from the sun's equator, their ap- 
parent rotation about an axis of their own, 
and the direction in which they move along 
the solar disc, all bear out Sir John Herschel's 
explanation in the fullest and most satis- 
factory manner. A printd facte objection to 
his theory is that the terrestrial whirlwinds 
are caused by the great differences of 
temperature between the equatorial and other 
regions of the earth's surface, and that as 
the sun is the source of his own heat, there 
is no reason why such differences should 
exist in his case. But Herschel meets this 
objection by an ingenious answer. The sun 
has an ordinary non-luminous atmosphere of 
gpreat extent, exterior to the photosphere ; 
and his rotation on his axis will cause this 
atmosphere to bulge out considerably round 
the equator. And this greater depth of 

H2 
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atmosphere, by retarding radiation from the 
equatorial regions, will give rise to the 
differences of temperature which the theory 
assumes. 

Our knowledge of the physical constitution 
of the sun has been greatly increased within 
the last few years by the wonderful revela- 
tions of that most powerful engine of physical 
research — the spectroscope. A careful analysis 
of the solar spectrum formed by a prism, 
and a comparison of it with the spectra of 
terrestrial elements in a state of incandes- 
cence, reveal to us the presence in the solar 
atmosphere of many familiar substances, 
such as hydrogen, and the vapours of iron, 
sodium, and other metals. Line for line the 
solar spectrum agrees with the known peculi- 
arities of elements which form constituents of 
our own globe, and we have the interesting 
fact established that the gorgeous parent of 
our system is, so to speak, bone of our bone 
and flesh of our flesh. The same powerful 
analysis, when extended to the stars, dis- 
closes similar results; and we are led to the 



The Sun, loi 



inference that our own tiny globe, though 
such an insignificant fraction of the uni- 
verse, contains, represented within its narrow 
bounds, all the materials of which that 
gorgeous system is built up. Unfortunately 
the spectroscope can tell us nothing of our 
satellite, though it is so much the nearest 
and most distinctly visible of all the orbs 
of heaven. Moon-light is simply reflected 
sun-light; and hence its spectrum is, as we 
should expect, but a faint reproduction of 
the more brilliant solar one. 

The spectroscope has lately been applied 
successfully to those singularly beautiful 
phenomena which accompany a total solar 
eclipse, and which are generally known as 
the rose-coloured protuberances. As soon as 
the sun's light is wholly cut oif by the 
moon, cloud-like prominences, of a bright 
roseate hue, are seen projecting from its 
surface beyond the moon's edge ; and oc- 
casionally traces of a layer of the same 
material are seen at their bases, which lead 
us to suppose that the whole sun is encom- 
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passed by a ring of this matter. Whether it 
is a distinct solar envelope, or only a part 
of the photosphere, is at present uncertain; 
but pending the settling of the doubt, it has 
received the specific name of the chromo- 
sphere. The spectroscope shews it to consist 
of incandescent gas, of which hydrogen is 
the chief constituent ; and the rose-coloured 
protuberances are huge masses of this flaming 
substance, which have been hurled up into 
the solar atmosphere to a height, sometimes, 
of fifty or a hundred thousand miles above 
their ordinary bed. 

Another interesting phenomenon which 
appears at the time of a total eclipse is the 
solar corona — a great halo of light surround- 
ing the darkened sun and stretching far out 
into space. This halo was at first supposed, 
naturally enough, to be the solar atmosphere, 
lighted up by the sun's rays streaming 
through it and imparting to it a portion of 
his own effulgence. But here again the 
spectroscope comes to our aid. It tells us 
the degree of pressure to which the incan- 
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descent hydrogen composing the rose-coloured 

protuberances is subjected, and shews the 

impossibility of their being burdened by such 

an enormous atmosphere as the whole corona 

would represent. The progress of modern 

science has left little doubt as to its real 

nature. We have learnt that the whole 

solar system is traversed by numberless tiny 

planetoids, some moving singly, others in 

small clusters, and others in enormous groups, 

containing countless myriads of these little 

units. These aerolites pursue their proper 

paths about the sun as truly as the largest 

bodies of the system, save when they get 

entangled in the atmosphere of our own or 

any of the other planets. When this is the 

case, the sudden checking of their enormous 

velocities by the resistance of the air reduces 

them instantly to a state of incandescence, 

and we see them flashing across our firma-^ 

ment as shooting stars, the next moment to 

be dissipated into vapour. The periodical 

meteoric showers of August and November 

are caused by our orbit carrying us, at those 
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periods of the year, right through g^eat 
clusters of these aerolites. It has been esti- 
mated that not less than a hundred thousand 
million of them are annually caught by 
our atmosphere; and when we consider the 
comparative smallness of the ring which we 
traverse, we can see that the absolute number 
of the meteorolites belonging to our system 
must be something incomparably exceeding the 
highest flight of human calculation. In the 
immediate neighbourhood of the sun, where 
his attraction exercises the most direct and 
potent influence, they will be found in special 
abundance ; and it is to the fact of their 
existence that we must look for an explana- 
tion of the corona, and perhaps of yet greater 
and more interesting mysteries of our system. 
The corona is simply the sun-light reflected 
from their surfaces, as it is from the discs of 
the moon and planets. For a vast distance 
round the sun the whole firmament is 
powdered with them as thick as hailstones, 
and the reflection from them produces a con- 
tinuous luminous glow, lost indeed in the 
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overpowering brightness of ordinary sun-light, 
but shining out with exquisite lustre when 
his direct beams are cut off from us.* 

These meteorolites have played a most 
prominent part in the scientific speculations 
of the last twenty or thirty years. The 
meteoric theory of the sun's heat was first 
propounded by Dr. Mayer, a German physician 
of great scientific attainments, and was warmly 
espoused and worked out by Sir William 
Thomson. There can be no doubt that the 
sun is constantly receiving great accessions 
of heat from the meteoric fragments which 
compose his corona. Countless myriads of 
them rain into his atmosphere every instant, 
with a force sufficient to convert their solid 
mass into a puff of vapour; and it was for 
some time thought that the heat derived from 
these terrific impacts might keep the solar 
envelope ever ablaze with undiminished in- 



• It appears probable that it is also, under favourable 
circumstances, seen after sunset in the form of the zodiacal 
Ught. 
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tensity. No grander or more striking theory- 
has ever been propounded in the history of 
astronomy. That the mighty centre of our 
system should recruit his marvellous ex- 
penditure of energy from the tiniest of his 
satellites ; that these fragments, each so 
insignificant in itself, should collectively 
supply light and heat and life to the great 
Sun himself, and through him to all his at- 
tendant orbs; that it should be through their 
agency that the Creator of the universe has 
ordained that all His creatures should live 
and move and have their being, — is one of 
the most striking conceptions that can 
possibly be imagined. But more recent 
observations have led Sir William Thomson 
to a modification of his theory. He has 
calculated that if the meteoric shower were 
sufficiently heavy to make up for the sun's 
whole expenditure of heat, the matter of the 
corona must be so dense as seriously to 
perturb the orbits of certain comets which 
pass very close to his surface — a result which 
is found not to be the case. But the meteoric 



The Sun. 107 



theory is only thrown back a step. If the 
sun's mass were originally formed, as is not 
at all improbable, by the agglomeration ot 
these particles, Sir William Thomson has 
calculated that the heat generated by their 
thus falling together would be sufficient to 
account for a supply of twenty million years 
of solar heat at the present rate of emission. 
And thus though the meteors are not sufficient 
to maintain the energy of our system unim- 
paired, they may yet have been the original 
store-house from which all that energy was 
derived. 

The fact, now placed beyond doubt, that 
the sun's heat is gradually wasting away, 
naturally leads us to cast a glance into the 
future. Far, very far, distant the time must 
be; long before it comes, in all probability, 
the firmament will have been rolled together 
as a scroll, and the old heavens and the old 
earth will have passed away. But if the 
economy of our system be spared long enough, 
the day must come when the sun with age 
has become wan ; when the matter of the 
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corona has been all drawn in and used up 
without avail ; when the lavish luxuriance 
with which he has showered abroad his light 
and heat has finally exhausted all his stores. 
He has still power, aided by the resisting 
medium,* to drag his satellites one by one 
down upon his surface ; and the shock of 
each successive impact will, for a brief period, 
give him a fresh tenure of life. When the 
earth crashes into the sunf it will supply 
him with a store of heat for nearly a century, 
while Jupiter's larger mass will extend the 
period by thirty thousand years. But when 
the last of the planets is swallowed up, the 
sun's energies will rapidly die out, and a 
deep and deathly gloom gather around 
nature's grave. Looking into the ages of 
a future eternity, we can see nothing but 



* See the Chapter on Laplace's Nebular Hypothesis. 

t In the chapter above referred to we have depicted the 
earth as falHng into the sun, still an intensely heated body. 
But it is scarcely possible to say whether such a catastrophe, 
should it ever occur, would not find the sun already a com- 
paratively cold mass. 
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a cold and burnt-out mass remaining- of that 
glorious orb, which went forth in the morn- 
ing of time, joyful as a bridegroom from his 
chamber, and rejoicing as a strong man to 
run a race.* 



* The scope of these pages does not admit of our entering 
at greater length into the interesting and important subject of 
recent solar research. Upon this point our readers must of 
course refer to larger and more systematic works, or to the 
original papers scattered over various scientific periodicals. A 
clear and interesting discussion of solar heat will be found at 
the dose of Professor Tyndall's work on Heat; while the in- 
valuable spectroscopic revelations of KLirchofF, Lockyer, Huggins, 
and others, which have added so vastly to our knowledge, not 
only of the sun but of other astronomical bodies, will be found 
well described in Roscoe's Spectrum Analysis and Proctor's 
work on the Sim. 




THE COMETS. 

^N a sort of "debateable territory" be- 
tween our own solar system and the 
infinite stellar universe around, we come upon 
those erratic and anomalous bodies — the 
comets ; some of which have accidentally be- 
come permanent attendants upon our sun ; 
others have only paid it a single casual visit 
in the course of their wanderings through 
space, and are not likely again to come 
within the range of its attracting influence; 
while countless millions are doubtless scat- 
tered throughout the realms of the infinite, 
whose existence will never be revealed to 
human ken at all. The extraordinary ap- 
pearance and anomalous character of these 
meteors, the apparent irregularity of their 
movements, the suddenness with which they 
blaze into the firmament, the gigantic trains 
of light which they throw out as they near 
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the sun, the frightful velocity with which 
they whirl round that body, and the sudden 
diminution of their glory as they recede from 
it, till they seem to be extinguished in the 
primaeval darkness from which they emerged, 
— all these circumstances, combined with the 
mystery in which their real nature is 
shrouded, have caused these knights-errant 
of astronomy to be regarded at all times 
with the deepest interest, generally not un- 
mixed with superstitious dread. In fact, for 
ages they were hailed by the universal con- 
sent of all classes of the community in the 
light of portents. One was believed to have 
portended the birth of Mithridates, another 
the assassination of Julius Caesar, a third 
the great plague of 13 lo. One of the most 
remarkable on record made its appearance 
at the time of the Saracenic invasion of 
Christendom. As the hosts of the Crescent 
swept on their irresistible course, the comet 
waxed brighter and brighter, till at last, as 
the Caliph Mahmoud laid siege to Con- 
stantinople, it filled half the sky with its 
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splendour, and hung night after night over 
the doomed city in the guise of a blazing 
scimitar. The Pope scarcely knew at first 
whether to pray to, or curse it, but adopting 
the latter course as more congenial to a true 
Catholic spirit, he fulminated the thunders 
of the church against it, and in the same 
bull excommunicated both Moslems and 
comet. 

Though the superstitious terrors which 
used to greet the appearance of a comet 
have now for the most part passed away, yet 
the mystery which involved them, and which 
in a great measure gave rise to those terrors, 
has by no means been altogether dispelled; 
for our ideas of the constituent matter of 
their several parts is still involved in the 
utmost uncertainty. The general history of 
the changes of form undergone by a comet 
is as follows. When first discovered, and 
when at a considerable distance from our- 
selves and from the sun, it appears simply 
as a round patch of filmy light, with a 
brighter spot in the centre. This round 
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mass gradually lengthens into an oval form, 
the bright spot, or nucleus, moving from the 
centre towards the end nearest the sun. On 
approaching the sun the nucleus is visibly 
disturbed by his powerful but mysterious 
influence; it appears to throw off masses of 
its own matter, sometimes in the form of 
nearly spherical envelopes, sometimes as jets 
or fan-shaped protuberances. On a nearer 
approach this agitation becomes more intense; 
fresh matter bursts forth, proceeding at first 
for a short distance towards the sun, but 
almost immediately swept back from him by 
some irresistible influence, and streaming far 
away into space behind. When the comet 
wheels round the sun, this tail, which is 
usually curved like a scimitar, whirls round 
along with it, keeping always away from 
the sun; and as the mysterious visitant 
recedes from the centre of our system, the 
tail, which now lies nearly in front of it, 
gradually shrivels up, and the comet resumes 
its original indistinct globular appearance 
before finally passing away from our ken. 
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Such is the general history of cometary 
transformations, but in several cases there 
have been abnormal peculiarities. Some comets 
have been nearly or wholly tailless: that of 
1744 had no less than six tails streaming 
out behind it, that of 1823 had two (one 
turned towards the sun and the other away 
from it), while others have thrown out their 
tails in oblique or lateral directions. In fact, 
the term *tair is not particularly appropriate, 
for, unlike the sheep of the nursery rhyme, 
comets do not always "carry their tails 
behind them," but wave them about in all 
directions. The old term *coma' or ^hair' 
would be preferable, but that is now com- 
monly restricted to denote the thicker hair 
of the comet close round its head, as dis- 
tinguished from its more loosely flowing 
locks. In former times the haity appendage, 
when worn in front, was called a beard; but 
the distinction has now ceased to be drawn, 
and front-hair and back-hair alike go by the 
name of tail. 

If, as was universally assumed until within 
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the last few years, the tail of a comet be 
composed of continuous matter, it must un-* 
questionably consist of some extremely rare 
gaseous substance, incalculably lighter than 
our own atmosphere. This is inferred from 
their inappreciably small weight. Though a 
comet is often many million times larger 
than the sun, its mass is yet so insignificant 
that the most delicate tests fail to detect it 
at all. The most striking illustration of this 
was given by Lexell's comet. It plunged 
right between Jupiter and his moons; but, 
while its own orbit was completely distorted 
by the planet's influence, it failed to prpdiibe 
the slightest effect upon the satellites, shewing 
that, even compared with those tiny masses, 
its weight was inappreciable. We have also 
optical proofs of the extreme tenuity of the 
cometary material. We see stars shining with 
undiminished brilliancy through the thickest 
parts of their tails. The lightest cloud-wreath 

would conceal them altogether, and yet the 

« 

filmy texture of the comet, though millions of 
miles in depth, cannot dim their lustre. And 

12 
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a still more delicate proof is afforded by the 
fact that the comets are absolutely wanting 
in refractive power. The rays of light from 
• a star, in passing through our shallow atmo- 
sphere, are very perceptibly bent aside from 
their path; but they pierce their way through 
the vast depths of a -comet's tail without 
Siuffering the slightest deflection. 

The motions of a comet's nucleus are 
perfectly accounted for by the law of gravi- 
tation, and present no difficulty whatever. 
On the gaseous hypothesis, the enormous 
development in size of a comet when near 
the sun is sufficiently explained by attributing 
it to expansion by heat. The great rarity of 
its mass would render it extremely sensitive 
to variations of temperature, and account 
readily enough for its rapid expansion when 
near the sun, and contraction when receding 
from it. So far the cometary peculiarities 
are explainable by the action of two simple 
and familiar solar influences — the attractive 
effect of his mass and the expansive effect 
of his heat. But the great mystery is the 
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peculiar form and position of the tail, and 
the sun's apparent repulsive influence during 
its formation. Though many attempts have 
been made, no satisfactory theory of this 
has ever been built up on the simple grounds 
of heat and attraction, and it seems clear that 
we must look to some other, and yet un^ 
known, solar influence for the solution of 
the remaining difficulties. Professor Tyndall 
seeks for this influence in chemical action. 
He recently found that the actinic rays of 
the sun— ^those, namely, towards the violet 
end of the spectrum, which produce the 
eflfects in photography-^are capable, on pass- 
ing through certain rare and invisible 
vapours, of converting them into visible 
clouds, and he thinks that when the suh^ 
light passes through the head of a comet, the 
heat and light rays of the middle and red end 
of the spectrum may be cut off", while the 
actinic rays pass through, and, freed from the 
counteracting influence of the others, convert 
the invisible atmosphere behind the comet into 
the glorious cloudy effulgence which we see. 
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But all former theories have received a 
severe, and probably fatal, blow from some 
very startling recent discoveries, which tend 
greatly to revolutionize all our ideas about 

« 

the constitution of the comets. It was ob^ 
served that notable showers of shooting stars, 
indicating the earth's passage through great 
clusters of meteoric stones, had repeatedly 
taken place on the J3th of November. From 
all these showers occurring when the earth 
was at the same place, the natural inference 
was that they were all due to the same group 
of meteors, and that the path of that group 
round the sun intersected our orbit at the 
spot to which we always return on each 13th 
of November. Professor Adams calculated 
their path, and assigned them a period of 
revolution of thirty-three years. The meteoric 
showers take place only in three years, and 
those consecutive ones, out of the thirty- 
three. During the remaining thirty the 
meteors are circling round the more distant 
parts of their path, but for these three they 
are near enough the sun to be within our 
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reach. And the vast length of the stream 
in which they fly, estimated at not less than 
fifteen hundred million miles, is such that it 
takes three years for all to pass a single 
spot, so that at three successive circuits the 
earth still finds them there, and plunges 
through them, upon the 13th of November. 

Adams' results having been published, an 
Italian astronomer, Schiaparelli, happened to 
observe that the orbit assigned by them to 
the November nieteors agreed exactly with 
that of a small comet, known as Tempel's 
comet. Wondering whether there was any- 
thing more than chance in this apparently 
meaningl2ss coincidence, he turned to the 
annual August showers ot shooting stars, and 
found that they indicated the existence of a 
meteoric system with a period of a hundred 
and forty-five years. In this case, however, 
on account of the showers being seen every 
year, it is evident that instead of an isolated 
flight of meteors moving round a compara- 
tively long orbit, we have a continuous and 
unbroken stream, forming a gigantic revolving 
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elliptical ring round the sun. This vast ring- 
is no less than twenty thousand million miles 
in circumference, and four million miles deep 
where the earth's path strikes through it. 

Eagerly comparing this elliptic ring with 
a list of cometary paths, Schiaparelli found 
again the same extraordinary coincidence j 
the orbit of the August meteors was identicA.1 
with that of the comet of 1862. It was scarcely 
possible that these two coincidences should be 
the result of chance, and, as they have been 
since confirmed by others, everyone now admits 
that many comets have connected with them, 
in some way or other, flights of meteoric 
stones. 

What that connection is is at present one 
of the chief questions in astronomical po- 
lemics. Many people still cling to the old 
gaseous theories, regarding the meteors as 
minor and unimportant accompaniments of 
the comets, and refusing to assign them any 
essential part in the wonderful transforma- 
tions which those bodies present to the eye. 
Others, discarding at once all old ideas, have 
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struck out a bold and entirely novel theory. 
Weary of the endless speculations, hypotheses, 
and assumptions with which scientific men 
were formerly obliged to content themselves 
upon the subject, and seizing gladly hold of 
the one fad we have now learnt about the 
constitution of comets, they resolved to confine 
themselves to it, and, without making further 
assumptions, to endeavour to build up a 
cometary theory upon it alone. They accord- 
ingly start by supposing a comet to consist 
of nothing more nor less than a vast assem^ 
blage of aerolites, distinct solid masses- 
stones, rocks, and lumps of metal — flying 
together through space, and rendered visible, 
in favourable positions, by the sunlight re- 
flected from them. 

It is at once evident that two of the most 
important cometary peculiarities are satisfac- 
torily explained by this hypothesis. The 
smallness of their aggregate mass, and the 
fact of their not eclipsing any heavenly bodies 
which pass behind them, are as well accounted 
for by this supposed discontinuity of their 
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material as by assuming them to be gaseous. 
So are the facts which we have learnt from 
recent spectroscopic and polariscopic obser- 
vations. These show us that the tail of a 
comet shines largely by reflected sunlight, 
while both in it, and to a much greater 
extent in the head, some of the light proceeds 
from incandescent gas, and from luminous or 
red-hot solid matter. The explanation of this 
necessitates no addition to the meteorolite 
theory. Throughout a comet, and especially 
in the nucleus, where its component fragments 
are most closely crowded together, there must 
be very frequent and violent collisions between 
them ; and the heat generated by these impacts 
will convert them into a state of incandescence, 
or into vapour, just as we know to be the 
case when they strike our own atmosphere. 

The sudden changes in shape, size, and 
position of the tail, present less difficulty 
upon this hypothesis than on any other. 
No tail will be seen except when the 
comet is in such a position as to turn a sort 
of flat edge towards us, so that we can look 
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at once through a great depth of its mass. 
For the reflection from each elementary frag- 
ment will be so slight, that it will be only 
when an enormous number are ranged along 
the same line of vision that their aggregate 
light will be suflScient to affect the eye. To 
borrow a felicitous illustration from Professor 
Tait, the principal advocate in this country 
of the new theory, we may see the same 
thing represented in miniature by the flight 
of a flock of sea-birds. Great numbers of 
them often fly about, approximately in one 
plane ; and if they are at such a distance as 
not to be discernible singly, they will be 
equally invisible when their plane has its 
face turned towards us. But when a sudden 
sweep brings them into the plane of our 
vision, so that we get a number of them in 
one line, they start into sight at once, as a 
black streak against the face of the sky. 

The greatest difficulty under all other ma- 
terial theories is to suggest any physical 
influences sufficiently powerful to account for 
the inconceivable velocity with which the 
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matter of a comet's tail is whirled round at 
the perihelion passage from a position behind 
it to one in front of it. Under the meteorolite 
theory this diflBlGulty vanishes. The meteors 
composing the tail after perihelion are entirely 
diflferent from those which constituted it 
before, and a comparatively slight relative 
displacement among the particles of a comet 
is sufficient to produce a great change in 
the position of their layer of greatest depth. 
The meteorolite theory is, of course, not yet 
full-grown, and there are many difficult points 
of detail which it will have to grapple with. 
Its advocates have not yet published much 
on the subject, and some promised papers by 
Professor Tait will be looked for with much 
interest. 

The paths pursued by the comets are very 
various indeed. Many of them, like the 
planets, move in ellipses round the sun, 
some traversing their orbits in three or four 
years, while others roam so far away that 
many centuries elapse before they again re- 
visit our neighbourhood. A great number. 
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however, only circle once round the sun, and 
never return to it again. The orbits into 
which, in accordance with the law of gravi- 
tation, they are bent, are so inconceivably 
long, that before they can reach the farther 
parts of them they come within the attracting 
influence of other stars, and are drawn oflF to 
pursue new orbits around new centres; and 
in this way a comet may wander through 
the universe for countless ages, seeking rest 
and finding none, till at last some star seizes 
it with a firmer grasp than the rest, compels 
it into a smaller orbit, and thus secures it as 
a perpetual attendant upon itself. 

The most singular history on record is 
that of Lexell's comet, which made its ap- 
pearance in 1770. On its elements being 
calculated, it was found that its orbit was 
exceedingly small, and its period no more 
than five and a half years, and consequently 
astronomers were much surprised that it had 
never been observed before. But on tracing 
back its path, it was found that it had just 
passed close to the planet Jupiter, and the 
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inference was arrived at that in winging* its 
long flight round some distant stin it had 
found its way into our system, and, imping- 
ing almost directly on the powerful Jupiter, 
had its wings clipped, its roving tendencies 
restrained, and its long period of millions of 
years reduced to a quiet revolution of be- 
tween five and six. But it was soon s€ft at 
liberty again by the same power which had 
first restrained it. Jupiter's period is eleven 
years — ^just double that of the comet — and 
accordingly after the latter had twice circled 
round the sun in its diminished orbit, the 
two bodies must have again encountered at 
the very scene of theif former collision. 
What then took place we know not; Jupiter 
must have again asserted his potent influence, 
powerful enough at such close quarters to 
overcome that of the sun, twisted the comet's 
orbit as it pleased him, and again dismissed 
it on its long wanderings through space.* 



♦ It is not improbable that all the comets of short period, 
whose orbits lie entirely within the limits of the solar system, 
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The question used often to be asked — 
whether there was any likelihood of one of 

these nomadic bodies coming into collision 
with our own earth, and if this event did 
take place, what its effect would be upon 
us? The answer which we can now give to 
this question is a startling one. The earth 
does come into collision w^th a comet regularly 
twice every year, and the result is simply a 
shower of shooting stars, more or less numerous 
and brilliant, according to the density of the 
portion of the tail which we encounter. But 
we must by no means conclude that every 
such collision would be attended by equally 
harmless consequences. Fortunately the comets 
which we encounter are composed of small and 
widely-scattered fragments, but many will pro- 
bably consist of far larger masses more densely 
crowded together. Numbers of meteoric stones 
are too large to be converted into vapour 



have been drawn into them by the action of some of the 
larger planets as above described, and that in course of time 
they may again be dismissed from our neighbourhood as 
Lexell's has been. 
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during their passage through our atmosphere, 
and reach the ground in a solid but red-hot 
state. Several of these are on record which 
weighed more than a hundred pounds, and 
one, which fell in Spain in 1810, measured 
thirty inches in length and weighed three- 
quarters of a ton. An encounter with a comet 
composed of such masses as this would be a 
frightful ordeal for the earth to pass through. 
Its whole surface would be bombarded for 
some minutes or hours with great lumps of 
red-hot rock, which would bum and destroy 
everything upon which they fell. The only 
chance of the human race surviving such 
a catastrophe would lie in the fact that 
astronomers would probably foresee its advent, 
and warn everyone to take refuge in cellars 
or under bomb-proof casements, from which 
they would emerge, after the storm was over, 
to find all around them a mass of blazing 
ruins. 

Nor is even this the worst form which a 
collision with one of these dangerous bodies 
might take. An encounter with the head of 
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a comet would be a far more destructive event 

than a passage through its tail. And such 

an event, though extremely improbable, is 

yet a perfectly possible occurrence. Arago 

estimated the chances against any particular 

cometary nucleus striking the earth to be 

about three hundred millions to one; but still 

these chances, great as they are, must be 

by no means confounded with certainty; and 

indeed we find that on more than one 

occasion such a collision has very nearly 

happened. The nucleus of the comet of 

1832, for instance, would have struck the 

earth if it had only been a month sooner. 

The consequences of such a catastrophe are 

almost too horrible to be contemplated. If, 

as is probably the case in most comets, the 

nucleus consists of incandescent gas, we 

should find ourselves plunged in an instant 

into a mass of blazing vapour, which would 

scorch every trace of life off the earth's 

surface, and, not impossibly, dissipate its 

solid mass in smoke. If, on the other hand, 

as several astronomers of note have believed, 

K. 
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certain cometary nuclei are composed of one 
solid mass, the results of a collision would 
be little less disastrous. Laplace describes 
them thus :— •" It is easy to represent the 
effects of the shock produced by the earth's 
encountering a comet. The axis and the 
motion of rotation changed ; the waters 
abandoning their former position to precipi- 
tate themselves towards the new equator ; 
a great part of men and animals whelmed 
in a universal deluge, or destroyed by the 
violent shock imparted to the terrestrial 
globe ; entire species annihilated ; all the 
monuments of human industry overthrown — 
such are the disasters which a shock of a 
comet would necessarily produce." And 
even if, returning to the old hypothesis, we 
suppose ourselves coming into contact with 
a purely gaseous comet, though no mechani- 
cal shock of the above nature would be 
experienced, the chemical consequences might 
yet be equally fatal. Whatever the cometary 
material may be, it is not likely that it will 
be the same as that which composes our 
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own atmospheric aif; and, as our lungs are 
not adapted for the inhalation of any other 
kind of gas, the probable effect of the in- 
termingling of our atmosphere with the 
substance of a Comet would be at once to 
render the former utterly unfitted for the 
support of animal life* 



K2 




LAPLACE'S NEBULAR HYPOTHESIS. 

fE have now completed our survey of 
the great system of which we our- 
selves form a part. Sun, planets, satellites, 
and comets — all the elements of the solar 
system — have successively passed before us ; 
and the only heavenly orbs we have left to 
consider are the more distant stellar ones, 
which are so far removed from our own 
immediate ken. But before we proceed to 
visit those distant realms, we must glance 
for a moment at Laplace's great theory of 
the origin of our system, one of the grandest 
and most magnificent speculations which it 
has ever entered into the heart of man to 
conceive. It is true that Newton's discovery 
of the law of gravitation furnished us with 
a key to much that was dark and inex- 
plicable before ; it reduced the motions of 
the planets to harmonious symmetry, and 
replaced the elaborate eccentrics, cycles, and 
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epicycles of the ancients by simpler and more 
familiar curves. That law, as all our readers 
are aware, explains why the planets move 
in ellipses, and accounts for their different 
periods and ever-varying velocities ; but there 
are questions which it does not answer — such 
as why all those elliptical orbits are so 
nearly circular, and why the planets and 
satellites all revolve round their primaries 
and rotate on their axes in the same 
direction, — namely, from east to west ; all 
those orbits being moreover very nearly in 
the equatorial planes of the primaries.* On 
these points Newton's law throws no light ; 
the solar system would be equally possible, 
and, with certain limitations, equally stable, 
and equally fitted for the support of life if 
this remarkable uniformity did not exist. To 
what then are we to attribute it? Is it likely 
to have been a direct and arbitrary exercise 



• These laws are indeed broken by the satellites of Uranus, 
but it is impossible to doubt that this single exception arises 
from accidental circumstances, and that the otherwise unbroken 
uniformity must be explained by some common cause. 
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of the Creative will, or a less direct result 
of that power, working by natural means 
from some prior form of existence ? Were 
the sun and planets called suddenly into 
being in their present forms and with their 
present motions, or were they developed by 
slow and gradual steps from some simpler 
original creation? Science tells us that both 
hypotheses would accord sufficiently well with 
known present facts; reverential thought pro- 
nounces neither of them inconsistent with 
the loftiest views of the Divine power and 
wisdom. But the latter is certainly the more 
interesting and attractive to us, and, we may 
perhaps add, apparently the more consonant 
with what we see of the Almighty's working 
in the lesser world around us. We see the 
perfect man developed from a helpless babe; 
we see the loftiest tree developed from a 
tiny bud; and there is nothing incongruous 
in supposing that our glorious system itself 
may have sprung from some vast but equally 
simple germ. This is a subject which must 
be handled with humility and diffidence; for 
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we are leaving the regions of mathematics 
and entering upon those of uncertain specula- 
tion ; we are treading on sacred ground in 
seeking to enter into the counsels of the 
Great Architect of the Universe. We are 
endeavouring to go deeper than the laws of 
nature will take us ; we are seeking for a 
key to the mysteries of our system in the pro- 
bable circumstances of its creation. For this 
it is that the bold and lofty speculation of 
Laplace seeks to do ; it reaches back into the 
unfathomable ages of a past eternity, and 
takes its stand beside the Almighty Author 
of all things at the first exercise of His crea- 
tive fiat, when the foundations of the earth 
and the heavens were laid, when the morning- 
stars sang together, and all the sons of God 
shouted for joy. 

The Nebular Hypothesis is briefly and 
poetically summed up as follows by the Poet 
Laureate in "The Princess:" — 

«*This world was once a fluid haze of Kght, 
Till toward the centre set the starry tides, 
And eddied into suns, that wheeling c^st 
The planets." 
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Laplace supposes that the first great act of 
creation — possibly the only one which strictly 
merits the name, the only one in which 
things that are seen were made not of things 
that do appear — ^was the calling into existence 
everywhere throughout the infinite regions of 
space a huge, chaotic, and nebulous mass 
of matter, such as was supposed to form the 
substance of the cometary bodies.* This is 
the only hypothetical step in the whole argu- 
ment, all the rest following from it, as we 
shall see, by a course of the most rigid 
deduction. And against this hypothesis we 
think no reasonable objection can be urged. 
It accords with the language of Scripture — 
"The earth was without form and void, and 
darkness was upon the face of the deep." 
It harmonizes with the other sciences; the 



• We give in the text Laplace's own theory unaltered. Those 
who accept the modem hypothesis of the nature of comets wQuld 
have to replace his "fluid haze of light" by a vast cloud of 
meteoric stones. But this supposition would not invalidate the 
theory ; it would accord equally well with the rest of Laplace*s 
speculation; and every step in the after development would be 
the same in either case. 
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geologist, in particular, having often to sup- 
pose the existence at a former period of a 
state of things springing from some such 
origin as this. Nor is it only to the man 
of science that the idea commends itself; it 
is a favourite theme with the poets. We 
find it in the pages of Hesiod, of Ovid, 
and of Dante. Milton gives it expression 
thus : — 

"A hoary deep, a dark 
Illimitable ocean, without bound, 

Without dimension, where length, breadth, and height. 
And time, and place, are lost ; where eldest Night 
And Chaos, ancestors of Nature, hold 
Eternal anarchy, amidst the noise 
Of endless wars, and by confusion stand. 

A wild abyss, 
The womb of Nature, and perhaps her grave. 
Of neither sea, nor shore, nor air, nor fire. 
But all these in their pregnant causes mixed 

Confus'dly Chaos umpire sits. 

And by decision more embroils the fray 
By which he reigns : next him, high arbiter. 
Chance governs all." 

But the Spirit of God moves upon the face 
of the waters, and the first elements of order 
begin to emerge from primeval chaos. 

As all the particles of this nebulous mass 



I40 The Romance of Astronomy. 

solidify in the ring-shape;* but the chances 
against this are so great that we should 
expect it to be a very rare phenomenon 
indeed. If the density of the ring were at 
all irregular, it would inevitably split up into 
fragments, as the cohesion of its parts would 
be very slight. The largest of these frag- 
ments would, by its superior attraction, assume 
the others into its mass, and the whole would 
solidify into one globe of considerable size, 
except in the rare case of all the fragments 
happening to be about the same magnitude, 
when they would continue separate, and re- 
volving round their primary in very nearly 



• This part of Laplace's tbeory must be somewhat modified 
to render it consonant with the discoveries of modem science. 
It has been shewn that a ring, such as Saturn's, could not possibly 
exist in a solid state, but that it must be composed of separate 
fragments, or meteorolites, such as constitute the matter of the 
solar corona, and probably of the comets. But the theory readily 
adapts itself to the explanation of such a phenomenon. The ring 
would be detached from its primary in a viscous state ; and as it 
would be impossible for it to solidify as a whole, it would break 
up into small fragments, which would solidify separately and move 
in nearly coincident orbits, thus preserving the general form of 
a ring, although not one composed of continuous matter. 
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coincident orbits. Of course the planets, as 
they were thrown ofiF from the sun, would 
proceed, in turn, to develope satellites of their 
own in the same manner and with the same 
possible varieties. 

Now all of these results we find actually 
occurring in nature. The perfect rings we 
have in the case of Saturn ; the groups of 
small planets near together are represented 
by the asteroids; while in every other case 
we meet with the arrangement which we 
have seen would be the most likely to occur — 
a large satellite revolving round its primary, 
and situated at a considerable distance firom 
any of the others. All the peculiarities of 
planetary motion, too, are accounted for by 
this theory. The planes in which the planets 
jnove are nearly coincident with the plane of 
the sun's equator, because the matter of which 
they are composed is thrown off from the 
tropical parts of that body. Their orbits are 
nearly circular, because such would be the 
motion of their particles while yet in the ring 
condition. And the direction in which they 
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revolve is the same as that in which the 
sun turns on its altis, because they would 
acquire an impulse in that direction before 
they parted Company with it.* 

The nature and origin of the comets are 
also easily explained on this hypothesis. When 
the original nebulous material of the universe 
began to gravitate towards its several centres, 
large masses of it seem to have been in many 
cases left behind, too evenly balanced betweeti 
the different attracting influences to yield to 
any one of them. But as their position would 
be one of unstable equilibrium, in the course 
of time the attraction of some one or other of 
the centres would come to predominate, and 
the filmy and uncondensed mass would gfradu* 
ally yield to its sway, and descend towards 
the controlling orb. Another very mysterious 

* The theory also accounts for the fact of the planets rotating 
about their axes in the same direction as that of their orbitual 
revolution. When a fragment was detached from the ring, its 
outer particles would have a greater velocity in the general 
direction of motion than its inner ones, and there would be on 
the whole a moment of momentum in that direction about the 
centre of gravity. 
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point which the nebular hypothesis accounts 
for, is the existence of a resisting medium 
around the sun, and extending to a con- 
siderable distance from it. The existence of 
such a medium is now undoubted. Encke's 
comet, which possesses the smallest orbit of 
any connected with our system, is sensibly 
drawing nearer and nearer to the sun at 
every revolution; and this fact cannot be 
accounted for in kny other way than by 
supposing this medium to exist. On Laplace's 
hypothesis its origin is readily explained; it 
must evidently be part of the original solar 
nebula, which, from its extreme rarity, has 
never undergone condensation at all.* The 
terrible part which this resisting medium may 
be destined to play in the great drama of 
the universe is indicated but too plainly by 
the effect it has already begun to produce 
on the comet which comes most immediately 
under its influence. Slackening by sure though 



• On the more recent theory, it will probably be simply the 
matter composing the solar corona. 
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imperceptible degrees the speed of every planet 
and comet in the system, and thus stealing 
away their power to resist the sun's attracting 
force, it will, by its insensible influence, bring 
them all in time within that orb's resistless 
grasp, till one by one they drop through his 
fiery atmosphere and sink to rest upon his 
surface. Thus, to quote the words of Pro- 
fessor Nichol, one of the warmest advocates of 
the nebular hypothesis — "The first indefinite 
germs of the great organization of the universe, 
provision for its long existence, and finally its 
shroud, are all involved in that master con- 
ception from which Laplace endeavours to 
survey the mechanisms amid which we are. 
Not in confiision, however, shall this majestic 
system finally pass away — not with the jar 
and confused voice of ruin, but even in its 
own quiet and majestical order, like the flower 
which, having adorned a speck of earth, lets 
drop its leaves when its work is done and falls 
back obediently on its mother's bosom." 

The terms in which the final destruction of 
our earth is spoken of in Scripture, and the 
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Comparatively short existence which seems to 
be in Providence destined for it, render it 
pretty certain that this globe at least will 
not meet with its doom in the above-men- 
tioned manner. But as such an event is not 
only a perfectly possible one in the economy 
of nature, but an absolute certainty suppos- 
ing that the resisting medium were allowed 
time enough to do its work,* it may not be 
out of place to pause for a moment and 
consider what is involved in such a catas- 
trophe. Let us think, for example, what the 
case would be with our own earth, if no 
speedier destruction were to come upon it 
from some yet unanticipated and possibly 
miraculous cause. Many centuries no doubt 
— it may be many milleniums — would elapse 
before the most delicate observations could 
reveal the working of the mysterious agent. 
But at length some astronomer detects a 



• The fact of the gradual dissipation of the energy of our 
system, established by Sir William Thomson, points also to the 
final destruction of the earth, and would tend to hasten the catas- 
trophe we describe. 

L 
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minute change in the elements of the earth's 
orbit which cannot be accounted for by any 
of the ordinary perturbations, and he is 
compelled to the belief that the resisting 
medium is beginning perceptibly to influence 
the planet. This discovery, when publicly 
announced, could not fail seriously to impress 
the most thoughtless of hearers. The first 
step has been taken by the earth on its way 
to a doom as fearful as the imagination can 
paint and as inevitable as the unchanging 
laws of nature can make it. . Still generation 
after generation passes away; the end is — 
visibly — no nearer, and but for the figures of 
the astronomers the whole thing might be 
denounced as an idle fable. But not the less 
surely does the unseen destroyer fulfil his 
mission ; and in time the effects of his work 
become palpable to every eye. The sun's 
disc is perceptibly enlarged, the intensity of 
his light and heat are increased, the length 
of the year is diminished. At first the 
change of climate is a pleasant and grateful 
one, except between the tropics, and even 
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there it is not so marked as to be very 
severely felt. But slowly and surely the in- 
fluence becomes more potent, and when we 
look again some ages later, the face of the 
intertropical regions is scarcely recognizable. 
The rich vale of the Nile, the fertile plains 
of the Ganges, the cotton plantations of the 
south, have disappeared; the sandy deserts of 
Africa and Asia have extended their bounds 
and stretch without an oasis far on either 
side of the equator. The inhabitants retreat, 
some to the north and some to the south, 
but the fiery belt between steadily pursues 
them, and mile after mile, league after league, 
falls under its devastating sway* Some ages 
more pass away, and when we look again 
the vineyards of Spain, the oliVe-groves of 
Italy, the fig-gardens of Turkey, are gone; 
their cities yet stand with all their splendid 
palaces, their gorgeous temples, but they 
are like Tadmor in the wilderness — cities 
without inhabitants. Look again, and Mont 
Blanc has lost his diadem of snow and rears 
his head, a bare cone of granite, above the 

L2 
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dry and rocky table-land which was once the 
Mer de Glace. Look again, and our own 
land has, in its turn, become a burning 
desert. And now the whole inhabitants of 
the globe are collected in two narrow circles 
around either pole. The ice and the snow 
have disappeared, and the frozen plains of 
Greenland and Labrador teem with tropical 
vegetation. But the narrowed limits of the 
habitable earth can no- longer support this 
vast increase of population, and famine begins 
to mow down its victims by millions. Now, 
indeed, the end of all life on the earth draws 
on apace. The resisting medium, from the 
increased proximity to the sun, grows rapidly 
much denser, and its eflFect is proportionately 
increased. The heat and drought become 
more and more insupportable. Rain and 
dew fall no longer. All springs of water fail, 
and the rivers dwindle down to streamlets, 
and trickle slowly over their stony beds. 
And now scarcity of water is added to 
scarcity of food. Those who escape from 
the famine perish by the drought, and those 
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who escape from the drought are reserved for 
a fate more awful yet. For a time, indeed, 
the few remaining inhabitants of the earth 
are partially screened from the overwhelm- 
ing power of the sun by a dense canopy of 
clouds. From the excessive evaporation, thick 
columns of mist are constantly rising from 
the surface of every lake and every sea, and 
forming into dense banks of cloud, which 
hang like a funeral pall over the dying 
earth. But soon the sun scorches up these 
vapour-banks and dissipates them into space 
as fast as they can be formed by evaporation. 
Then the fiery orb shines out in unutterable 
splendour without the lightest cloud-wreath 
to interpose between himself and his victims. 
Then, truly, the heavens become as iron and 
the earth as brass. Then the last denizens 
of the world are stricken down and con- 
sumed, the last traces of organic life are 
blotted from its surface. How different the 
" last man " here from Campbell's picture of 

" The last of human mould, 
Who shall creation's death behold 
As Adam saw its prime I " 
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Then the last drops of ocean are dried 
up, and nothing but a bare and blighted 
mass of rock is left of that earth which once, 
even in its Maker's eyes, was altogether 
good. Still the doomed planet rushes on to 
its awful fate. Swiftly and more swiftly it 
circles round the sun, like the bark which 
once drawn within the influence of the whirl- 
pool is sucked irresistibly into its fearful 
vortex. At last it seems to get paralysed 
by the iron grasp that is tightening upon it 
-«-it staggers, pauses for a moment in its 
headlong career, and thus checked in its 
onward progress the sun draws it straight 
down to itself. A hurried rush through the 
tossing sea of fire, a swift plunge through 
the cloudy stratum behind, and the earth 
sinks to its eternal resting-place on the face 
of its parent globe. 




THE STARS. 

[IE, must turn now to realms lying be- 
yond our own solar system. Begin- 
ning with ourselves and our sister planets, 
we have considered in succession the lesser 
light which rules the night, the greater light 
which rules the day, the comets which wing 
their wild flights around it, and the mys- 
terious ether which encompasses it, and which 
in time will bring all the rest — planets, 
satellites, and comets — within its remorseless 
grasp. And now it remains to wind up by 
taking a glance at the great stellar universe 
around us, compared with which our own 
system, mighty as it is, counts but as a 
drop in the ocean. And here, as formerly, 
our subject naturally divides itself into two 
parts. We have to consider, first, those facts 
relating to the stars which depend upon their 
general physical character and their indi- 
vidual peculiarities; and, secondly, those 
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which depend on their collocation in space 
and their movements through the realms of 
the infinite. As for the first, the great 
distance at which the stars are from us pre- 
vents us from knowing almost anything what- 
ever about their condition, except what we 
can infer from analogy. They hold the same 
place in creation that our own sun does. 
They are not satellites of any other body, 
but primary orbs, independent sources of 
light and heat, and probably the centres of 
systems not less varied and gorgeous than 
our own. Hence we may argue with a high 
degree of probability that those facts which 
have been ascertained concerning the general 
nature of the sun, hold equally true of the 
stars. And as for their individual peculiari- 
ties, we are for the most part equally in the 
dark about them also, and that for the same 
reason. All the stars appear to us as mere 
luminous specks without any perceptible mag- 
nitude. And although "one star differeth 
from another star in glory," though even the 
naked eye can detect many degrees of 
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brilliancy among them, yet it is often im- 
possible to say whether this is due to a real 
difference in size and lustre, or only to the 
fact of the brilliant star being much nearer 
to us than the faint one. But there are 
two classes of stars which form marked ex- 
ceptions to the general rule, and stand out 
prominently from the rest. These are binary 
stars, and periodical or temporary stars. 

The existence of the binary stars was 
discovered by Sir William Herschel towards 
the close of last century. It had long been 
noticed by astronomers as a remarkable co- 
incidence that in several instances a pair of 
bright stars were found in very close proxi- 
mity to each other, much closer than we 
should have expected supposing the stars to 
have been scattered up and down at random 
over the whole face of the heavens. Still it 
was never thought that this was anything 
more than a coincidence; it was supposed 
that these stars had no connection with each 
other, but were altogether separate bodies, 
which merely happened to be situated in one 
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Straight line with ourselves. But Herschel 
having, for some scientific purposes which it 
would take too long to explain, determined 
to make a series of minute and careful 
observations upon these double stars, soon 
found to his surprise that they were rapidly 
shifting their positions relatively to each 
other; and, in short, he was ere long led 
to the conclusion that the two stars were in 
reality situated close together, and revolving 
in orbits round one another. Many pairs of 
stars of this kind were observed and regis- 
tered, while in some cases the combinations 
were found to consist of three stars, and even 
four, instead of two. 

But one of the most remarkable features 
about these multiple stars is that they ' are 
very frequently of two different colours. In 
the case of the double stars the two colours 
are usually complementary ; colours, that is, 
which when mixed together, in proper pro- 
portions, produce white. Thus one will be 
green and the other red, or one orange and 
the other blue, or one violet and the other 
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yellow. Similarly in the triple stars we may 
have a blue, a red, and a yellow, or a green, 
an orange, and a violet. In a quadruple star 
we may have blue, green, orange, and red; 
and so on, in endless combinations. If there 
be any planets in attendance upon these 
multiple suns, as in all probability there will 
be, the celestial phenomena, at those planets 
will be of the most extraordinary character 
indeed, and everything that depends on these 
phenomena — their times and their seasons, 
their days and their years — will be involved 
in the most intricate complications. If, indeed, 
any of them happened to be situated in very 
close proximity to one of the primaries, 
things with it would not be so confused. It 
would always revolve round the same sun, 
though in a very irregular and perturbed 
orbit; and hence its days and its years 
would follow each other pretty much in the 
natural and regular order. But its seasons 
will vary much both in length and tempera- 
ture, and its nights, though much darker 
than its days, will yet differ from them far 
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less than is the case with us. .For when 
the primary orb sinks beneath the horizon, 
the secondary ones will shine out in full 
splendour, much smaller and more distant 
than the primary, but yet far exceeding in 
brilliancy the borrowed light of the brightest 
of full moons. But most of the planets, not 
nestled close enough beside any one of their 
suns, will come pretty equally under the 
influence of all. Take for instance the case 
of a planet in a quadruple system at a time 
when it happens to be about equally distant 
from all its four suns. A green and a red 
sun are above the horizon, and when we 
look directly at either, its colour is clear, 
brilliant, and well-defined. But their rays 
meet and mingle and unite into a dazzling 
snowy white, which imparts to the whole 
landscape the pure radiant look which seems 
to fill the firmament on a sunny day when 
the ground is covered with snow. A light 
cloud-wreath steals over the green sun, and 
a faint rosy blush overspreads the face of 
the sky. The cloud thickens and the rosy 
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hue deepens into a mellow crimson. Then 
the green sun sets and a blue one rises, 
changing the red light of the sky into a 
rich purple, veined here and there with pale 
amethyst, as a few rays from the green sun 
struggle through the clouds just as it sinks 
beneath the horizon. The purple changes 
into a deep gold as the blue sun is succeeded 
by an orange one, and the gold pales down 
as the red sun sinks to his rest in turn. 
The orange is left alone, and when it, too, 
sets, night comes on apace. • And now the 
moons rise and shed their radiance on the 
scene. But how differently do they show 
from the pale uniform light that beams from 
our own plain satellite ! Every colour of the 
rainbow glows from their faces; in belts, in 
spots, in lunes, their chequered discs reflect 
every shade of hue that the artist's palette 
can produce. The parts illumined by one 
sun alone reflect, more faintly than the rest, 
the colours of their respective orbs; those 
which come within the light of two or three 
of them will shine more brightly and with 
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gayer combinations of colours; while in the 
parts on which all the four suns shine at 
once we find again the snowy white, so 
bright as to sparkle almost with the light of 
day. But where there are four great lights 
to rule the day, night will be of unfrequent 
occurrence and of short duration ; and soon 
the four suns, their nocturnal course ended, 
begin at once to draw nigh to their rising. 
Pale, slender threads of red, green, blue, and 
orange steal out from the darkness in four 
quarters of the hoipizon ; and these widen and 
lengthen till they mingle together at their 
extremities in softly shading hues of white, 
indigo, and gold. Brighter and broader they 
grow, and the gorgeous variegated belt 
spreads rapidly from horizon to zenith, till 
at last the suns have fairly risen, and their 
many-coloured rays combine again into the 
dazzling white of the perfect day. 

Nor are the annual phenomena of these 
planets — those, namely, which are connected 
with their seasons and their years — less ex- 
traordinary than their diurnal phenomena, 
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which relate to their days and nights. Take 
the casie of a planet in circumstances such 
as we have supposed above, situated at about 
equal distances from its several suns. It 
has just returned from performing a revolu- 
tion about one of them, and while away on 
the farther side of that body it was pretty 
far removed from the influence of the others ; 
and hence it has enjoyed a tolerably quiet 
and orderly year. Its days and its seasons 
have followed each other in due succession, 
though in their length and their temperature 
there were many and varied irregularities. 
But now, completing its circuit, it comes 
again into the region of confusion and 
anarchy. New suns wax and brighten till 
they rival the old one in splendour. Dis- 
tinction of day and night there is none. 
Universal summer prevails over the planet 
— in some places mild, in others extreme — 
these patches of different climates being 
seemingly scattered up and down arbitrarily 
over the face of the globe. But gradually 
one of the suns — not the same one as before 
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— ^begins to exercise a markedly more potent 
influence than the rest; and they slowly 
dwindle in the distance, while the victorioxis 
orb grows larger and brighter as it draws 
its captive down towards it. And now the 
planet starts to perform again a new revolu- 
tion in a comparatively undisturbed orbit. 
Day and night, summer and winter, seed- 
time and harvest resume their wonted sway. 
But how altered are they all! The sun and 
the moon have changed their size, their 
brilliancy, and their colour; new planets stud 
the sky; new comets wheel around the sun; 
and only the more distant stars retain their 
positions unaltered. The year has changed 
its length ; seasons and climate are revolu- 
tionized; zones formerly frigid or tropical 
have become temperate ; and those temperate, 
torrid. The old vegetation, blighted by 
drought or nipped by unwonted frost, withers 
away, and new trees and plants take its 
place. The fauna change with the flora; 
birds and animals migrate; while whole races 
of men follow their example, or adapt them- 
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selves with difficulty to their altered climates. 
But scarcely are they settled down to their 
new circumstances ere a similar change again 
takes place, and they are whirled off to 
perform an equally brief circuit around yet 
another sun. And so on they go in their 
restless career — 

"It may be for years, and it may be for ever,'* 

unless a favouring chance carries their planet 
very near to one of its suns, and thus enables 
that orb to establish an indisputable sway 
over it, and secure it as a permanent satel- 
lite. 

The second class of stars to which we 
alluded— the periodical and temporary stars — « 
are much rarer phenomena than those which 
we have just been considering, while their 
actual nature is altogether unknown to us. 
There are on record about six or eight 
instances in which bright stars have suddenly 
appeared in parts of the heaven where pre- 
viously there was none, and after continuing 

to shine with varying brilliancy for a few 
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months or years, have been again utterly 
extinguished. In one case, at least, it is 
believed that a star of this kind has re- 
appeared several times at intervals of about 
one hundred and fifty years — a fact which, 
if true, would seem to indicate some peri- 
odicity in the causes of its appearances 
and disappearances. In several cases of a 
somewhat similar kind this periodicity is un- 
questionably to be found. A good many 
stars undergo regular increases and diminu- 
tions of brilliancy, the period of some being 
two or three days, of others as many months, 
and of others several years. Some of them, 
at stated intervals, disappear for a short 
time altogether. Various theories have been 
suggested to account for these phenomena. 
Some astronomers suppose that the stars 
in question have large dark planets or com- 
panion suns revolving round them, which 
at intervals interpose between them and 
us, and cut off the whole or a part of 
their light. Others attribute their varying 
brilliancy to dark spots and patches upon 



IChe Stars. t6j 



their surfaces. The temporary stars some 
suppose to have been altogether annihilated, 
or to have had their sources of light and 
heat exhausted. Others suppose them to re* 
volve in very long orbits like the comets, and 
only to become visible when at the parts 
of their course nearest to the earth. All 
these hypotheses are possible, but hypotheses 
it is to be feared they will ever remain. 
Nothing but actual observation could tell us 
which is the correct one, and the bodies 
in question are so distant that evidence of 
this kind we can never hope to obtain. 

Of the physical constitution of the stars 
we know but little. Analogy tells us that 
. they are bodies of the same character, and 
probably of much the same magnitude, as 
our own sun. Recent spectrum analysis 
goes further, and shows us from an ex- 
amination of their light that the substances 
which exist most plentifully in the sun's 
atmosphere, such as sodium, are also to be 
met with largely among the stars. More 
information about them than this we have 

M2 
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not much hope of attaining to. There is 
no reasonable probability of our ever having 
telescopes powerful enough to give us further 
revelations of the nature of the stars. To 
our present instruments they appear simply 
as specks of light of no visible dimensions, 
and differing only in brightness. According 
to these varying degrees of brilliancy the 
3tars are classed — the brightest being styled 
of the first magnitude, the next of the second 
magnitude, and so on through the telescopic 
stars down to the fifteenth. But this term 
must not be misunderstood. None of them 
have any perceptible magnitude whatever ; 
even Sirius, the brightest, presents no marked 
disc like the planets ; he is strictly a 
mathematical point of light — position without 
magnitude. How much the stars differ from 
each other in actual size and inherent 
brilliancy, and how far their gradations of 
apparent brightness are due simply to their 
different distances from us, is a question 
which it is absolutely impossible to answer 
with certainty in more than two or three 
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cases. The tiny orb> which is only revealed 
to us by the most powerful telescopes, is per- 
haps a not less glorious sun than Sirius or 
Procyon, although buried at such a depth 
in the abysses of space as to be altogether 
invisible to the unaided eye. 

The first speculations as to the distribu- 
tion of the stars in space were made by 
Sir William Herschel. They were founded 
on what was confessedly an hypothesis, and 
therefore did not profess to give a result 
more than approximately true. Later obser- 
vations have weakened Herschers hypothesis 
and caused his theory to be modified, but 
as considerable weight must still be attached 
to it, we shall proceed to give it in its 
original form, and then mention the circum- 
stances which have led to its modification. 

We have seen that the varying degrees 
of brightness in the stars are due to one 
or more of the following causes — difference 
of distance, difference of size, or difference 
of illuminating power. Doubtless all these 
causes actually exist and produce their re- 
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spective effects; but let us see which will 
most readily account for the observed results. 
Suppose one star A to appear a hundred 
times as bright to us as another B, If they 
are equal in size and distance, A*s absolute 
illuminating power must be a hundred times 
greater than -ff's. If they are equally distant 
and equally brilliant, -^'s apparent magnitude 
must be a hundred times greater than 5's, 
and therefore his radius ten times, and his 
volume a thousand times, greater. But, lastly, 
if they are equally brilliant and equally large, 
B must be ten times further away than A. 
Thus the difference between A and B may 
be due either to ^'s being a thousand times 
larger, a hundred times more luminous, or 
only ten times nearer. In Herschel's time 
there was no reason for supposing the stars 
to vary more in size or brilliancy than in 
distance, and as variations in the latter ac- 
counted far the most readily for the observed 
differences, they were clearly, by all the laws 
of probability, the most likely to furnish the 
true es^planation. 
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Herschel acted upon this assumption * He 
proceeded actually to compare the light 
emanating from the different stars, and cal- 
culated from this their probable relative 
distances. This was done without much diffi- 
culty, and he next set himself the great task 
of discovering from these data the way 
in which the stars are distributed through 
space, the configuration of the great stellar 
universe, and the position which our sun 
occupies in it. The labour required for this 
was immense. It involved a careful examina- 
tion of every part of the sky, both in the 
northern and southern hemispheres, and a 
tabling of the number of stars in them ar- 
ranged in order of magnitude. He patiently 
directed his telescope by turns to the different 
quarters of the heavens, and calculated first 
the number of the larger stars which were to 
be found in them. The result of this showed 



♦ We are not aware that he has anywhere stated the argu- 
ment in the form given above, but ther^ can be no doubt that 
we have correctly stated the traiu of reasoning which must 
have passed through his mind. 
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that the first three or four magnitudes were 
distributed about equally over the whole sky; 
and he accordingly inferred that, to a certain 
distance at least, the stars were grouped 
pretty uniformly all round us. But then 
came a sudden break. When he counted 
those next in order, he found that, except in 
one portion of the sky, there were scarcely 
any; and when he arrived at the telescopic 
stars — ^those namely which are invisible to the 
naked eye — there were none at all, except in 
that great luminous belt which spans the 
whole firmament, and which is known by 
the name of the Milky Way. The inference 
from these facts was obvious. In most direc- 
tions the stars came very speedily to an end, 
but in one circle all round us they seem to 
extend almost to infinity. We all know the 
appearance presented to the naked eye by 
the Milky Way — a white fleecy background, 
dotted all over- with bright and distinct stars. 
When the telescope is turned upon it, we get 
a step further; some of the white background 
is in its turn resolved into separate stars, but 
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another indistinct layer rises up behind them 
in turn. Higher and higher telescopic powers 
were attained, but still with the same result; 
the astronomer's eye penetrated further and 
further into the depths of space, but still the 
dim white background of star-dust filled the 
field of the glass. At length, however, by 
some optical improvements of Herschel's own 
devising, he succeeded in considerably in- 
creasing the efficiency of his telescopes, and 
was rewarded by finding the last layer of 
star-dust completely resolved into distinct and 
separate orbs. Background there was now 
none; clear and bright the last stars shone 
out from the deep black void of the mid- 
night sky. The astronomer laid down his 
glass ; the furthest limits of our universe 
had been sounded, and its bounds assigned 
it in every direction. Laying down the tele- 
scope, Herschel took up the compasses, and 
proceeded to map on paper the results of his 
long and patient search. The conclusion he 
arrived at was, that the starry universe 
formed a roundish but irregular disc, with a 
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deep cleft at one side extending nearly down 
to the sun, which occupies pretty much the 
centre of the disc. Thus viewed from above 
or below, the appearance presented would be 
circular, while laterally it would be that 
figured in the diagram. S is the sun, and 




if we look in any of the directions SAy SBy 
SCy the range of stars which we see is a 
very brief one ; but looking along SDy or any 
other direction in a plane through it perpen- 
dicular to that of the paper, we have a much 
farther vista. These directions accordingly 
correspond to the Milky Way in the heavens. 
In one part the Milky Way splits up into 
two branches, separated by a short interval 
from each other. These two branches are 
marked in the figure by the lines S£y SF. 
The constellations are wedges cut out of 
this great star-disc. Thus the Great Bear, 
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for example, lies between the lines SGy SHy 
and therefore contains no very small stars. 
The Swan, on the other hand, lies along SD^ 
and is hence enriched by a brilliant back- 
ground of star-dust. Herschel calculated that 
the number of stars in this enormous cluster 
is certainly not less than five-and-a-half 
millions, and is probably one or two millions 
more. 

Such is Herschel's theory, and it is in 
every respect worthy of the genius and ori- 
ginality of its author. It proceeds on what 
we have found to be h priori the most 
probable hypothesis, — namely that the differ- 
ent apparent sizes of the stars are mainly 
due to variations of distance. But no doubt 
the other possible causes, differences in actual 
size or brilliancy, must also operate to some 
extent in the same direction; and in not a 
few cases we are bound to admit that they 
present the more probable explanation. 
There are dotted up and down over the 
heavens many rich clusters of stars, generally 
roundish in form, and with comparatively few 
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stars in their immediate neighbourhood. 
These clusters comprehend stars of every 
degree of brightness, the faintest being the 
most numerous, and on the hypothesis of 
equal magnitude they would imply the 
existence of vast assemblages of stars, stream- 
ing far out into space, and each forming a 
sort of isolated cone. On the other hand 
the appearance might be equally explained 
by supposing the clusters to be globular in 
form, their component stars, although differing 
so much in brightness, being all compara- 
tively near together. Such an arrangement 
is so much more simple and likely than the 
other, that the chances in its favour more 
than counterbalance the h priori probability 
of equal magnitude; and we can scarcely 
doubt that in these cases the stars differ from 
each other in size rather than in distance. 
Herschel himself, in his later years, observed 
some of these cases, and accepted the ex- 
planation given above. Mr. Proctor argues 
that by doing so he virtually abandoned alto- 
gether his system of star-gauging, and gave 
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up his cloven disc. But we cannot think 
that Herschel's language anywhere warrants 
this. No doubt the established fact that some 
stars are much smaller than others, weakens 
to a certain extent a theory based upon the 
idea of general equality, but it by no means 
upsets it. The indubitable fact remains that 
if two stars be taken at random, one of which 
is brighter than the other, the probable 
reason is that it is the nearer rather than the 
larger. In spite of all exceptions, this 
remains, and it is the back-bone of Herschel's 
speculations. And we certainly think that 
if he had abandoned his cloven disc theory, 
which he justly regarded as one of his most 
important achievements, he would have pub- 
lished the fact explicitly, instead of leaving 
it -to be deduced inferentially from a stray 
sentence here and another there. And we 
think, therefore, that he adhered in the main 
to his theory of the general form of the stellar 
universe, and most subsequent astronomers 
have not shown much disposition to ques- 
tion it. 
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Before passing on, we must remark that 
the star-clusters mentioned above must present 
scenes of rare magnificence to the dwellers 
upon one of their planets. The soft sweet 
glory of our nightly sky would pale to nothing 
compared with the dazzling effulgence that 
encircles them. Bright stars are massed round 
them with a lavishness many thousand times 
greater than in the neighbourhood of our solar 
system. Indeed, instead of having a moon 
and an ocean of stars to rule the night, they 
will have an ocean of minor suns; and the 
softer light of moons, and stars of other 
systems, would be lost in their overwhelming 
brilliancy. Even by day myriads of bright 
orbs would contest for precedence with the 
primary sun ; and at night, if such a term 
can be used at all, their combined rays 
would scarcely allow his absence to be 
noticed. 

Nor are these star-clusters the greatest 
marvels of the Milky Way. In many places 
it is dotted with white spots, of which the 
telescope can make absolutely nothing. It 
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was long taken for granted that they were 
clusters of stars like the rest, and that more 
powerful instruments would in time prove 
them to be such. But our new and magical 
ally, the spectroscope, has revealed to us 
their true nature. It shows that they consist 
not of solid, but of purely gaseous, matter. 
In fact they appear as vast oceans of flaming 
gas, doubtless much resembling what we 
have described as the condition of the solar 
envelope, but hanging altogether isolated in 
space, while they spread their huge billows 
over countless millions of miles. In others 
we see the work of condensation already 
begun, as their central parts show traces of 
solid, or at least of liquid, matter. In fact 
they realize and confirm Laplace's magni- 
ficent conception of the original state of our 
own system, a void chaotic mass, containing in 
it the germs of all the stars that lighten our 
midnight sky. If ages and ages of time 
are given them, their transformation will 
doubtless be effected in turn, and they too 
will split up into their countless myriads of 
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suns. Perhaps, indeed, these youngest members 
of our system may be spared when the older 
heavens have passed away, and we may look 
to them for the new heavens and the new 
earth wherein dwelleth righteousness. 

Herschel's labours completed and his re- 
sults in the main granted, a harder problem 
stills remains behind. The relative distances 
of the stars have been computed, the farthest 
bounds of the known universe have been 
pierced, its figure determined, and its limits 
assigned it in every direction. But of the 
absolute dimensions of this great system, 
astronomers in Herschel's time knew nothing. 
They had estimated that the farthest stars 
were probably about five hundred times more 
distant from us than the nearest ones. But 
the distance of even the nearest was a sealed 
mystery. It was known that it could be 
measured only by millions of millions of 
miles; but how many of these great units it 
contained they could not tell. The way in 
which the distance of the nearer heavenly 
bodies is found is very simple. When a land 
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surveyor wishes to ascertain the distance of 
an inaccessible object, he measures what is 
called a base-line ; and making an observation 
first from one end of this and then from 
the other, the displacement in the ap- 
parent position of the object gives him its 
distance from either station. And this is the 
method pursued with the sun and moon, 
They are observed simultaneously from two 
distant points of the earth'iB surface, and from 
their consequent displacementT^K)r parallax, 
as it is called in scientific parlance — their 
distance is readily found. But no such plan 
avails us with the fixed stars. The distance 
of any two stations on the surface of our 
globe is as nothing compared with the 
enormous space which separates us from 
them. But the earth's motion in its orbit 
comes to our aid, and gives us two standi 
points immeasurably farther apart from each 
other than its own two poles. Let us care- 
ftiUy observe one of the stars now, and then 
wait till si?; months have elapsed. The 
earth's revolution ftbout the sun has brotght 
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us to a station two hundred million miles 
away from that of our first observation. And 
here surely with such an enormous base-line 
for our observations the difficulty will be 
easily solved — the star will appear to have 
shifted to quite a new part of the heavens. 
But no — ^to an ordinary telescope no change 
whatever is visible. One of the chief argu- 
ments of the old astronomers against the Co- 
pemican system was founded upon this: if 
the earth revolved in an . orbit of such magni- 
tude, the stars should appear in altogether 
different positions at different seasons of the 
year* Copernicus, with a little hesitation, 
gave the true reply— the stars must be at 
such a distance from us that our orbit is but 
as a speck in comparison with it. The 
astronomers laughed this to scorn ; it was im- 
possible to believe that the works of creation 
should have such vast extent as this ex- 
planation would involve. But they were at- 
tempting to limit the power of the Almighty. 
In the eternity of God a thousand years 
appear as one day ; to His infinitude a million 
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ttiillion miles are but a single span. Even the 
distance they thought so impossibly great) 
We, with the new light of science, know to 
be but an infinitesimal fraction of the whole 
dimensions of the universe. 

From the days of Copernicus down to the 
present time, telescopes have • steadily beeil 
increasing in power and efficiency. Astro* 
nomers were well aware that the problem of 
finding the stellar parallax was only an instru-^ 
mental difficulty; the stars must suffer some 
displacement according to the season of the 
year, and only a sufficiently good telescope 
in the hands of a sufficiently skilful and 
accurate observer was required to determine 
it. By comparing the stellar light with the 
solar, they had arrived at a rough idea of 
the probable distance and parallax of some 
of the stars, and had found reason to think 
that the parallactic angle was not so small as 
to make its detection a hopeless task. Several 
generations of astronomers, however, passed 
away, and left this, one of the great objects 
of their life, unfulfilled* The great glory of 
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discovering stellar parallax is shared equally 
by a Scottish and a Prussian astronomer — 
Henderson of Edinburgh and Bessel of 
Koningsberg— -who made at the same time, 
nearly forty years ago, independent observa- 
tions of two different stars. The extreme 
difficulty of the problem will be seen when 
we state that the displacement found by 
Bessel, that of a star in the neck of the 
Swan, is only an angle of a third of a second, 
or less than a five-thousandth part of the ap- 
parent diameter of the sun. We must re- 
member that every astronomical observation 
is subject to a host of errors. The most 
perfect telescope ever set up has a score 
of imperfections in construction and adjust- 
ment, and these have to be carefully calculated 
from repeated observations, and allowed for 
by difficult mathematical processes. There 
are also many astronomical sources of error, 
such as the finite velocity with which light 
is propagated, and the refraction of its rays 
by the earth's atmosphere. All these causes 
produce a far greater displacement in the 
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star than its actual parallax, and the success- 
ful elimination of them all, and determination 
of the small residual angle, is justly regarded 
as one of the greatest triumphs of human 
skill and ingenuity. The parallax of these 
stars having been founds their distances were 
given at once by a simple trigonometrical 
formula. The result is that the nearest star is 
two hundred thousand times farther from the 
sun than the earth is, — in other words, the 
distance of the sun from its nearest neigh- 
bour in the great stellar cluster is twenty 
millions of millions of miles. It follows that 
the full dimensions of that great cluster from 
end to end must be at least twenty thousand 
billion miles. 

One problem more, the last and the loftiest, 
yet remains to be solved, before we can say 
that we have completely mastered the system 
of the universe. We have calculated the 
dimensions of the great stellar cluster, we 
have determined its configuration, we have 
estimated the number of orbs which it contains. 
The question yet remains whether the staro 
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• are really fixed, as their pop^uiar name sup- 
poses, or whether they, like all the minor 
bodies we h^ve considered, have their own 
special orbits and revolutions. Satellites 
circle round their primaries, planets wheel 
in obedience to the behest of their parent 
suns, comets under the same pot^at spell 
wing their fiery flight through space. And 
are there no fixed centres amid all this 
ceaseless motion, no spots on which the 
wearied imagination may settle, and contem- 
plate fi-om a solid and stable standpoint the 
workings of the great mechanism around? 
Science answers there is none ! Wherever there 
is matter there must be gravitation. The 
greatest and most glorious orbs of heaven are 
not less fully bound by that all-^pervading 
law than the lightest speck of sea-foam or 
the filmy texture of the comets. The sun 
himself, upon whose majestic court hundreds 
of bright attendants wait, is subjected in 
turn to the influence of his mighty brethren,, 
and rolls at their bidding along his appointed 
course^ 
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We have seen that the motion of the earth 
in its orbit causes a displacement in the ap- 
parent positions of the stars. This displace- 
ment, however, is only a periodical and 
temporary one; as the seasons circle round, 
the earth returns to the spot from whence 
he set out, and the stars resume their old 
positions. The fact that some of them had 
a distinct and separate motion, indicating a 
permanent change of their position relatively 
to the sun, was first discovered by Edmund 
Halley. Some observations of the three 
brilliant stars— -Sirius, Arcturus, and Alde- 
baran-^^made by the old Egyptian astronomers, 
had fortunately been handed down to his 
time, and on looking over them he perceived 
that these stars must have shifted their posi- 
tions since that early time, by a small but 
well-marked amount. This indicated that 
either these stars, or the sun, or probably 
both, must have changed their places by 
many million miles since those old records 
were penned by the philosophers of Alex- 
andria. Other astronomers followed in Ualley's 
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track, and by the beginning of this century 
the proper motions, as they are called, 
of more than a hundred stars had been 
determined, chiefly by comparing them with 
Tycho Brahe's catalogue, made out two 
hundred years before. These proper motions 
showed great differences in amount and in 
direction, and no attempt was made to re- 
concile and systematize them until the subject 
was taken up by the bold and speculative 
genius of Sir William Herschel, who revelled 
in difficulties, and whose daring and ambitious 
spirit always selected the loftiest and ap- 
parently most hopeless themes. He suc- 
ceeded in evoking order out of apparent 
confusion and chaos, and announced his 
discovery of the fact, that the sun, with all 
his gorgeous following, is sweeping majesti- 
cally through space in the direction of the 
constellation Hercules. It was not till fifty 
years afterwards that another astronomer was 
found bold enough to grapple with this mighty 
theme. It was then taken up by some of the 
leading astronomers of Russia, with the 



The stars. 185 



advantage of half a -century's additional 
observations, and Herschel's results were con- 
firmed in the fullest manner* possible* The 
direction in which the earth is moving is now 
known beyond the possibility of a doubt. His 
velocity, however, has been variously esti- 
mated at from thirty million to a hundred 
million miles per annum. 

Of course the stellar proper motions we 
have been speaking of are all lateral ones, — 
at right angles, that is, to the lines joining 
us to the respective stars. The telescope 
could never tell us whether the stars have 
any motion of recess from or approach 
towards us, unless that motion were so great 
and long continued as to affect their apparent 
brightness. But that wonderful modem in- 
strument, the spectroscope, comes here again 
most unexpectedly to our aid. The way in 
which it does so is this. The sun's light, as 
all our readers are aware, is not homogeneous, 
but compounded of all the colours into which 
we see it resolved by the prism, or by the 
exquisite touch of Nature herself in the rain- 
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bow.* Now the fundamental distinction 
between the different coloured rays, and that 
which enables them to be thus separated from 
each other, is that the pulsations of ether of 
which they consist all take place with dif- 
ferent degrees of rapidity. As the higher 
notes of the musical scale correspond to more 
frequent vibrations of the air, so the acuter, 
or violet, colours are due to more rapid undu- 
lations of the ether. The rapidity of these undu- 
lations is almost inconceivable, varying from 
four to eight hundred million million pulsa- 
tions per second. They can, however, be 
reckoned with the utmost accuracy, and every 
shade of colour is as well known and as 
distinctly identified as every note in music. 
Now on analyzing, by the spectroscope, the 
light emanating from Sirius, Dr. Huggins 
found that all its rays were pulsating with 



♦ And, indeed, of other colours which our eyes are not capable 
pf appreciating, There are rays b^low the red ones, which 
produce the sensation of heat, thoug}i not of light ; while those 
above the violet, while they fall unavailing on the retina, produce 
the chief effect on the still more sensitive photographic plate, 
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less than their normal rate. The red wavelets 
are issuing from the star at the rate of four 
hundred million million per second, and yet 
they reach us diminished in number by some 
forty thousand million per second. The in- 
ference from thi« is obvious. It can only be 
explained on the hypothesis that the source 
of light is itself regreding from us; and a 
simple proportion with the velocity of light 
establishes that the distance between the sun 
and Sirius is increasing by twenty miles per 
second. Other stars have been observed in 
-the same way; some are approaching us, and 
some receding from us, with velocities reach^ 
.ing as high as fifty miles per second, It is 
only to the brightest stars, however, that the 
spectroscope can at present be applied, and 
no attempt can yet be made to form any 
general inference from the various results. 

The proper motions of the stars are of 
course due partly to our change of position 
in space and partly to their own. What the 
great centre of all this universal motion is, we 
are dX present unable to determine. Madler, 
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of Dorpat, is the only astronomer who has 
had the boldness to attempt this lofty theme. 
By studying Herschel's diagram of the 
stellar system, and combining it with the 
known direction of our sun's motion, he was 
led to believe that the centre of that system 
must be situated in or near the constellation 
Taurus. A careful examination of all the 
stars in that quarter of the heavens made 
him finally fix upon Alcyone, the central orb 
of the Pleiades, as being the object of his 
search. His speculations are doubtless very 
premature; the data upon which they are 
founded are slight and partially uncertain, 
on account of the extreme slowness of the 
motions from which they are deduced. In 
fact it is probable that many generations 
must pass away before a sufficiently long 
course of observation can either confirm or 
disprove the conclusions at which he arrived. 
If his theory be correct, the sweet influences 
of the Pleiades must be potent influences 
indeed. Holding their eternal court unmoved 
in the centre of the heavens, they send out 
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their resistless influence to the farthest con- 
fines of space, and bend into stately curves 
around them the most distant bodies of the 
universe, some of whose grand orbits cannot 
be traversed ir^ less than five hundred million 
years. 




OTkER tJNiVERStS. 

|HE astrbnbmer has nbw completed his 
investigation of the great stellar system 
bf whidh diir sun forms i^ ftlembef. The figure 
of that system h^s been defined, its dimen-» 
isions cdlOUldted, and it^ motions ti'dded out 
iand andlyXed. This wds the cdnsUmmatioil 
to which, Until Vfery reCetit peribds, astro- 
homers bf all ages had been accustomed td 
look as the g^reat gbal to which their science 
tended, though a gt»al Which eveii the most 
Sanguine bf them searCely hoped that it 
would ever actually i-ekch. And tibW that it 
has been isb fiilly attained, can the astronomer 
sit down ahd rest on his laUrels ^nd boast 
that he hds fathomed the rembtest depths 
of the universe bf God? J^ot 3b. While 
with slow and toilsome steps he has been 
creeping Up tb his first goal, he has at the 
same time beetl seeihg; ahothef gradually 
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Emerging" from the obscurity iii front of him, 
and now that the former is reached, it is but 
to see the latter* standing dearly out iti the 
distance, more hopelessly inadcessible thail 
the other had ever seemed to be. For when 
we stand on the remotest orb of the Milky 
Way the telescope reveals new marvels to 
our gaze, and opens Up fresh arid Undreamt 
of regions for scientific research. Not yet 
are the wonders of creation exhausted. Had 
it been so, had these really been the utter- 
most bounds of God's created works, we 
should still have pronounced them tvell worthy 
in magnificence and :'grandeur of the Omni- 
potence which called them into being. Let 
us think for a moment on what a scale of 
inconceivable magnitude the universe thus far 
is built. The orbit of our earth is two 
hundred million miles in diameter, but so 
insignificant is this Vast distance compared 
with the great gulf which separates us fronl 
the fixed stars, that to all except the very 
most powerful telescopes those stars seem 
to occupy exactly the same positions in the 
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sky when viewed from two opposite points of 
our course. 

Try a still farther flight, — pass over twenty 
millions of millions of miles. We have 
reached the nearest of the stars, and taking 
our stand on one of its planets, and waiting 
till evening falls, we look eagerly abroad to 
mark the altered aspect of the heavens. Here 
surely, where we have put such an over- 
whelming distance between us and our 
former position, the face of the sky will be 
no longer recognizable-^-the old heavens will 
have passed away from over our head, as 
well as the old earth from beneath our feet. 
But no,— as the stars one by one steal out 
from the darkness they group themselves into 
their old well-known configurations. There 
is the Little Bear with its pole-star, and the 
Great Bear with its pointers, there are the 
bands of Orion and the sweet influences of 
the Pleiades, there are Ma??aroth and Arcturus, 
just as they appeared to Job five thousand 
years ago, and sixty billion miles away. 
Vast as is the space we have traversed, it is 
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not a thousandth part of that which separates 

the two most distant stars of the system, and 

hence we need not wonder that the change 

we have found is no greater than that which 

comes over the distant landscape as the 

traveller advances a score or two of yards 

along his way. Let us then pursue our 

journey still further. Sun after sun beams 

upon us with its brilliant band of planets and 

comets, — sun after sun pales and lessens in 

the distance as we leave it behind in our 

flight; and gradually a change creeps over 

the face of the heavens. The general figures 

of the constellations remain the same 

but those behind contract their dimensions 

and shrink more closely together, while those 

in front are opening out and growing larger 

and brighter. At length we near the farthest 

confines of the Milky Way. Very few and 

very scattered are the stars which still remain 

in front of us. We can number them all 

with ease. And now but three are left 

before us, — but two, — but one. That one is 

reached in turn^ We pass to the further side 

o 
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and look forth into the mysterious abyss 
which lies beyond. Before, behind, to the 
right, to the left — ^whichever way we turn 
our gaze, it meets with nought but the black- 
ness of darkness — the deep gloom of the 
midnight sky is . unbroken by the gleam of 
a single star. Onward still we wing our 
daring flight; the last resting-place is aban- 
doned, the last oasis left behind, and we 
adventure forth into the trackless wastes of 
space. One by one the planets of this last 
sun are passed in our course; now and then 
a comet overtakes us, and blazes swiftly past 
into the depths beyond; but if we look 
onwards, we see that even it soon pauses 
in its reckless flight, and wheels back on 
rapid wing to less solitary and untrodden 
regions. The sun itself dwindles down to a 
star, and takes its place among a cluster of 
others which come forth from behind and 
around it as its paling light permits them to 
become visible. And soon this cluster too 
fades, till all distinction of stars in it is lost, 
and nothing is left but a dim white patch of 



other Universes. 195 

light, ere long to be blotted out in turn, as it 
seems to be swallowed up by the surrounding 
darkness. All created works are left behind, 
and we stand alone face to face with the 
infinitude of God, — ^alone where mortal foot- 
step has never trod, where presence there has 
never been, save that of the ever omni- 
present Creator and the spirits which pass 
and repass, ascending and descending the 
ladder of vision which bridges the chasm 
between heaven and earth, as they go and 
come, ministering to the heirs of salvation. 

But suppose that our vision is now 
quickened by telescopic aid. We turn the 
glass in the direction from which we have 
just come to %^t a last look of the universe 
we are leaving behind us. And surely 
enough the little white patch steals out 
again from the darkness in the centre of the 
field of view. But what is that faint film of 
light that clouds the outer edge of the circle ? 
Turn the full power of the instrument upon 
it, and it brightens into a white patch 
exactly similar to the former. Move the tele- 
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scope round, and another, and another, meets 
the eye. Direct it to any new quarter of the 
heavens, and the sight presented is the same. 
The whole sky is mottled with these flecks 
of white. Thick they are as the motes that 
dance in the sunbeam, close as the stars 
that stud the firmament, innumerable as the 
grains of sand upon the shore. In aspect 
they exactly resemble the dim and distant 
appearance presented to view by the system 
which we have just left, — so exactly, that 
when once the glass has been turned away 
from itj we find it impossible, on turning 
back, to pick it out from the multitudes that 
surround it. Let us choose out one of the 
nearest and brightest of these, and wing our 
flight towards it. As we approach it, we 
might think that we were but returning to 
the system we had left. The white patch 
widens and brightens, stars emerge from it 
by thousands and tens of thousands, till it 
fills the whole firmament with a blaze of 
splendour, surpassing by many-fold the 
brilliancy of our own nocturnal sky. For the 
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telescope teaches us that while each of these 
objects is a system of stars probably not 
inferior in glory to that of which we form a 
party many of them must surpass it in magni- 
ficence at least a thousand-fold.* 

It would be hopeless to attempt expressing 
in ordinary language the vast distance at 
which these clusters of stars are situated 
from us. If we were to reckon it in miles, or 
even in millions of miles, figures would pile 
upon figures, till in their number all definite 
idea of their value was lost. We must 
choose another unit to measure these infini- 
tudes of space — a unit compared with which 
the dimensions of our own solar system 
shrink into absolute nothingness. The velocity 
of light is such that it would flash fifteen 
.times fi'om pole to pole of our earth between 

* The gaseous nebulae described in the last chapter were 
originally supposed to belong to this category of external star- 
clusters ; but though they have been struck out of the list, vast 
numbers still remain. The spectroscope shows that they are not 
gaseous, and as they are altogether irresoluble into separate stars, 
we learn that they must be situated far beyond the confines of the 
Jdilky Way* , ^ _ 
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two beats of the pendulum. It bridges the 
huge chasm that separates us from the sun 
in little more than eight minutes. But the 
light tliat shows us these faint star-clusters 
has been travelling with this frightful velocity 
for more than two million years since it left 
its distant source. We see them to-day in 
the fields of our telescopes, not as they are 
now, but as they were countless ages before 
the creation of man upon the earth. What 
they are now, who can tell? A system which 
might appear to us gaseous may have been 
long ago resolved into a cluster of stars; 
while one apparently composed of active sims 
may have exhausted its energies and burnt 
itself out ages ago. 

And what we were when their light started 
on its mission towards us, God alone knows. 
A fiery globe of molten rock — a thin cloud 
of vapour without form and void — or, it may 
be, not yet in existence at all, unseen and 
undreamt of save in the eternal counsels of 
the Creator. Not till the rays had well-nigh 
completed their flight were the progenitors 
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of those for whose eyes they were destined 
first formed upon the earth. The six 
thousand years of man are as nothing 
compared with their long journey. Two 
hundred generations have come and gone 
since Adam walked in Paradise, but if each 
of these generations had been told over two 
hundred fold, the antiquity of man would not 
have rivalled the hoary age of these tiny 
waves of light. So small are the undulations 
of ether, that forty thousand of them follow 
each other within the space of a single inch, 
so impalpable that they beat upon our eye- 
balls in countless millions and with incal- 
culable velocity without injuring their delicate 
surface ; and yet so infinitely strong, when 
guided by their Maker's hand, that they have 
steered their unerring course for millions of 
billions of miles, and reached their destina- 
tion unaltered and unenfeebled. 

Of a truth " things small and great," the 
infinitesimal and the infinite, "bless the Lord; 
they praise Him and magnify Him for ever." 
What overwhelming force in these words of 
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God when read by the light of His works: — 
"When I consider Thy heavens, the work of 
Thy fingers, the moon and the stars which 
Thou hast ordained; what is man that Thou 
art mindful of him, and the son of man that 
Thou visitest him?" And what unspeakable 
preciousness in these: — "Thus saith the Lord, 
the heaven is My throne, and the earth is 
My footstool; but to this man will I look, 
even to him that is poor and of a contrite 
spirit and that trembleth at My word." 

And now let us go one step further, 
and ask ourselves where these magnificent 
creations, rising above each other in the 
scale of magnitude and grandeur, are to 
have an end. First we had planets with 
their attendant satellites, then suns with their 
accompanying planets, then a great cluster 
consisting of many million suns, and now 
this vast system composed of thousands of 
similar clusters. How many steps more we 
might go in this ascending scale before we 
reached the climax it is impossible to say. 
The system of clusters which we have above 
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described may be itself but a unit in a yet 
greater and more gorgeous whole, and that 
whole in turn an insignificant fraction of a 
Creation grander yet. But wherever the end 
may be, to us in our present state it has 
already come. Further than we have now 
reached, our finite powers of observation 
can never hope to attain. A veil of impene- 
trable obscurity is drawn over all that lies 
beyond. The Almighty has interposed His 
stern fiat before the advancing flood of 
human science, which would fain overspread 
all creation with its triumphant billows. 
"Hitherto shalt thou come but no further, 
and here shall thy proud waves be stayed." 
The glories that lie beyond are among those 
things which eye hath not seen, which ear 
hath not heard, and which it hath not entered 
into the heart of man to conceive. But 
though we cannot trace the steps in the 
ascending scale of creation, we may soar past 
them in imagination, and ask what the great 
climax will be. God himself is infinite, but 
His works must be finite. Suns^ clusters, and 
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systems may rise above each other in almost 

endless succession, but at lengfth some 

one great system must be reached, whose 

members, circling round and round in 

harmony among themselves, must include 

within their vast limits all the works of the 

Creator. And what is the mighty centre 

around which all these motions take place, 

the one fixed spot in the universe scbout 

which all else is in rapid and ceaseless 

revolution? What can be the worthy centre 

of this magnificence, the glory compared 

with which all others sink into the shade ? 

there is indeed a glory that excelleth, a glory 

such that in the apostles's words even "that 

which was made glorious hath no glory by 

reason of the glory that excelleth." But 

this is a glory uncreate, a glory that shines 

with no borrowed splendour; it is the g'lory 

of the Godhead. Men speak much of heaven 

as consisting in the felt nearness and presence 

of God, and hence of its being a state 

rather than a place. But they forget that 

while God himself is infinite, the human 
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nature of our Lord and Saviour cannot be so, 
and hence that there must be some one spot 
dignified above all others by a special 
Shechinah — a special manifestation of the 
glory of the Godhead^that spot where the 
seer of Patmos beheld a throne set in heaven, 
and One that sat upon the throne, and in the 
midst of it a Lamb as it had been slain. And 
if we ask again what can be the fitting 
centre of all the gorgeous systems which 
the science of astronomy reveals to our 
astonished gaze, what answer shall we, what 
answer can we, give but one ? Surely we must 
say with the patriarch, " This is none other 

THAN THE HOUSE OF GOD, THIS IS THE GATE 
OF HEAVEN.'' 



THE END, 
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metry for their solution. The diagrams are especially clear,^^ — 
Architect 



PHYSICAL SCIENCE. 

Airy (G. B.)— popular ASTRONOMY. With Illustrations, 
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** Abounds in information of interest to the student of biological 
science^ — Daily News. 

Blanford (H. F.)— RUDIMENTS OF PHYSICAL GEO- 
GRAPHY FOR THE USE OF INDIAN SCHOOLS. By 
H. F. Blanford, F.G.S. With numerous Illustrations and 
Glossary of Technical Terms employed. Third Edition. Globe 
8vo. 2s, 6d. 

Blanford (W. T.)— GEOLOGY AND ZOOLOGY OF 
ABYSSINIA. By W. T. Blanford. 8vo. 21s. 

With Coloured Illustrations and Geological Map. ^'The result of 
his labours, ^^ the Academy says, ^*is an important contribution 
to the natural history of the country, ^^ 
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Clodd.— THE CHILDHOOD OF THE WORLD : a Simple 

Account of Man in Early Times. By Edward Clodd, F. R. A. S. 

Third Edition. Globe 8vo. y. Special Edition for Schools. i8mo. \s. 

Professor Max Muller, in a letter to the author y, says : " / read 

your book with great pleasure, I have no douht it tvHI do good, 

and I hope you will continue your work. Nothing spoils our tempa 

so much as having to unlearn in youth, manhoodf and even ola 

age, so many things which we were taught as children, A book 

like yours will prepare a far better soU in the child* s mind, and 1 

was delighted to have it to read to my children,"** 

Cooke (Josiah P., Jun.)— first principles of 

CHEMICAL PHILOSOPHY. By Josiah P. Cooke, Jun., 
Ervine Professor of Chemistry and Mineralogy in Harvard College. 
Third Edition, revised and corrected. Crown 8vo. \7.s. 
The object of the author iff this book is to present the philosophy of 
Chemistry in such a form that it can be made with profit the subject 
of College recitations y and furnish the tmcher with the means of 
testing the student* s faithfulness and ability, 

Cooke (M. C.)— HANDBOOK OF BRITISH FUNGI, 

with full descriptions of all the Species, and Illustrations of the 
Genera. By M. C. Cooke, M. A. Two vols, crown 8vo. 24$". 
" Will maintain its place as the standard English book, on the 
subject of which it treats, for many years to come,** — Standard. 

Daw kins.— CAVE-HUNTING : Researches on the Evidence of 
Caves respecting the Early Inhabitants of Europe. By W. Boyd 
Dawkins, F.R.S., &c.. Lecturer in Geology at Owens College, 
Manchester. With Coloured Plate and Woodcuts. 8vo. 2ij. 
** The mass of infortnation he has brought together, with th£ judicious 
use he has made of his materials, will be found to invest his book 
luith much of new and singular value.** — Saturday Review. 

Dawson (J. W.)— ACADIAN GEOLOGY. The Geologic 
Structure, Organic Remains, and Mineral Resources of Nova 
Scotia, New Branswick, and Prince Edward Island. By John 
William Dawson, M.A., LL.D., F.R.S., F.G.S., Principal and 
Vice-Chancellor of M'Gill College and University, Montreal, &c. 
Second Edition, revised and enlarged. With a Geological Map 
and numerous Illustrations. 8vo. i8j. 

* * The book will doubtless find a place in the library, not only of 
the scientific geologist, but also, of all who are desirous of the in- 
dustrial progress and commercial prosperity of the Acadian prO' 
vincesy — Mining Journal. 

Forbes,— THE TRANSIT OF VENUS. By George Forbes, 
B.A., Professor of Natural Philosophy in the Andersonian Univer- 
sity of Glasgow. With numerous Illustrations. Crown 8vo. 3^. ()d, 
^^ Professor Forbes has done his work admirably*'* — Popular Science 
Review. ^^ A compact sketch of the whole matter in all its aS' 
pects. " — Saturday Review. 
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Foster and Balfour.— -elements OF embryology. 

By Michael Foster, M. D. , F. R. S. , and F. M. Balfour, M. A. , 
Fellow of Trinity College, Cambridge. With numerous Illustra- 
tions. Part I. Crown 8vo. 7^. 6d. 

Galton. — Works by Francis Galton, F.R.S. :— 

METEOROGRAPHICA, or Methods of Mapping the Weather. 
Illustrated by upwards of 600 Printed Lithographic Diagrams. 
4to. gs, 

HEREDITARY GENIUS : An Inquiry into its Laws and Con- 
sequences. Demy 8vo. I2j. 

The Times calls it ** a most able and most interesting book;^^ and 
Mr. Darwin, in his ^^ Descent of Man^^ {vol. \, p. ill), saySy " We 
knoWy through the admirable labours of Mr, GcUton^ that Genius 
tends to be inherited y 

ENGLISH MEN OF SCIENCE; THEIR NATURE AND 
NURTURE. 8vo. %s. td. 

** The book is certainly one of very great interest." — Nature. 

Geikie (A.)— scenery of Scotland, viewed in Connec 
tion with its Physical Geography. With Illustrations and a new 
Geological Map. By Archibald Geikie, Professor of Geology 
in the University of Edinburgh. Crown Svo. los. 6d. 

Guillemin.— THE FORCES OF NATURE : A Popular Intro- 
duction to the Study of Physical Phenomena. By Am^d^e 
Guillemin. Translated from the French by Mrs. Norman 
LocKYER ; and Edited, with Additions and Notes, by J. Norman 
LocKYER, F.R.S. Illustrated by 11 Coloured Plates and 455 
Woodcuts. Second Edition. Imperial Svo. cloth, extra gilt. 
3 1 J. 6d. 

** Translator and Editor have done justice to their trust. The 
text has all the force and flow of original writings combining 
faithfulness to the author's meaning with purity and independence 
in regard to idiom ; while the historical precision and accuracy 
pervading the work throughout, speak of the watchful editorial 
supervision which has been given to every scientific detail. Nothing 
can well exceed the clearness and delicctcy of the illustrative wood- 
cuts, borrowed from the French edition^ or the purity and chrO' 
matic truth of the coloured plates. Altogether ^ the work may be 
said to have no parallel, either in point of fidness or attraction^ 
as a popular manual of physical science. .... What we 
feel, however^ bound to say, and what we say with pleasure, 
iSf that among works of its class no publication can stand com- 
parison either in literary completeness or in artistic grace with 
it. " — Saturday Review. 
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Henslow.— THE THEORY OF EVOLUTION OF LIVING 
THINGS, and Application of the Principles of Evolution to 
Religion considered as Illustrative of the Wisdom and Benefi- 
cence of the Almighty. By the Rev. George Henslow, 
M.A., F.L.S. Crown 8vo. 6j". 

^^TTie author is highly philosophical^ profound, and accurate in 
arguments. . . . His literary merits are cfthe highest order, . . . 
He has certainly written on the wJiole with much force, brevity, 
and to the points — Morning Post. ^^ Several previously accepted 
axioms of Natural Theology are shown to be incompatible with 
the existing position of biological science, and their weakness is well 
brought forward. . . . /« one thing Mr. Henslow has done great 
good: he has shown that it is consistent luith a full dogmatic belief 
to hold opinions very different from those taught as Natural 
Theology some half century ago.*'* — Nature. 

Hooker (Dr.) — THE STUDENT'S FLORA OF THE 
BRITISH ISLANDS. By J. D. Hooker, C.B., F.R.S., 
M.D., D.C.L., President of the Royal Society. Globe 8yo. 
los. td. 

The object of this work is to supply students and field-botanists with a 
fuller accoufit of the Plants of tJie British Islands than the manuals 
hitJierto in use aim at giving, " Certainly the fullest and most 
accurate manual of the kind that has yH appeared, Dr, Hooker 
has shown his characteristic industry and ability in the care and 
skill which he has thrown into the characters of the plants. These 
are to a great extent original, and are really admirable for their 
combination of clearness, brevity, and completeness," — Pall Mall 
Gazette. 

Huxley (Professor). — LAY SERMONS, ADDRESSES, 

AND REVIEWS. By T. H. Huxley, LL.D., F.R.S. New 

and Cheaper Edition. Crown 8vo. *]s. 6d. 

Fourteen Discourses on the folloiving subjects: — (l) On the Advisable' 
ness of Improving Natural Knowledge: — (2) Emancipation — 
Black and White : — (3) A Liberal Education, and where to find 
it: — (4) ScientificEducation : — (5) On the Educational Value of 
the Natural History Sciences: — (6) On the Study of Zoology: — 
(7) On the Physical Basis of Life: — (8) The Scientific Aspects of 
Positivism: — (9) On a Piece of Chalk: — (10) Geological Contem^ 
poraneity and Persistent Types of Life : — ( 1 1 ) Geological Reform : — 
(12) The Origin of Species:— {12,) Criticisms on the ** Origin of 
Species:" — {14) On Descartes' ** Discourse touching t/ie Method of 
using On^s Reason rightly and of seeking Scientific Truth," 

ESSAYS SELECTED FROM "LAY SERMONS, AD- 
DRESSES, AND REVIEWS." Second Edition. Crown Svo. 
\s. 
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Huxley (Professor)-^^^^^^^^. 

CRITIQUES AND ADDRESSES. Svo. los. 6(L 

Contents: — i. Administraiwe Nihilism, 2, The School Beards: 
what they can do^ and what they may do, 3. On Medical Edu- 
cation. 4. Yeast, 5. On the Formation of Coal, 6. On Coral 
and Coral Reefs. 7. On the Methods and Results of Ethnology. 
8. On some Fixed Points in British Ethnology, 9. Palaoniology 
and the Doctrine of Evolution. 10. Biogenesis and AHogenesis. 
II. Mr, Darwit^s Critics. 12, The Genealogy of Ammals, 
13. Bishop Berkeley on the Metaphysics of Sensation, 

LESSONS IN ELEMENTARY PHYSIOLOGY. With numerous 

lUustjrations. New Edition. i8mo. cloth. 41. 6d, 

This book describes and explains^ in a series of gradtmted lessons ^ the 

principles of Human Physiology, or the Structure and Functions 

of the Human Body, *^ Pure gold throughout." — Guardian. 

" Unquestionably the clearest and most complete elementary treatise 

on this subject that we possess in any language." — Westminster 

Review. 

Jellet (John H., B.D.) — a treatise on the 

THEORY OF FRICTION. By John H. Jellet, B.D., 
Senior Fellow of Trinity College, Dublin ; President of the Royal 
Irish Academy. 8vo. 8^. dd. 

** The book supplies a want which has hitherto existed in the science 
of pure mechanics,^^ — Engineer. 

Jevons. — ^THE PRINCIPLES OF SCIENCE. A Treatise on 
Logic and Scientific Method. By W. Stanley Jevons, F. R. S. , 
Professor of Logic and Political Economy at Owens College, Man- 
chester. 2 vols. 8vo. 25^. 

** We believe that this will be recognized in the future as one of the most 
valuable philosophical works of our time." — Manchester Examiner. 

Jones.— THE OWENS COLLEGE JUNIOR COURSE OF 
PRACTICAL CHEMISTRY. By Francis Jones, Chemical 
Master in the Grammar School, Manchester. With Preface by 
Professor RoscoE, New Edition. i8mo. with Illustrations. 2s, 6d, 

Kingsley,— GLAUCUS : OR, THE WONDERS OF THE 
SHORE. By Charles Kingsley, Canon of Westminster. 
New Edition, revised and corrected, with numerous Coloured 

Plates. Crown 8vo. Ks. 

» 

Kirchhoff (G.)— I^SEARCHES ON THE SOLAR SPEC- 
TRUM, and the Spectra of the Chemical Elements. By G. 
Kirchhoff, Professor of Physics in the University of Heidelberg. 
Second Part. Translated, with the Author's Sanction, from the 
Transactions of the Berlin Academy for 1862, by Henry R. 
RoscoE, B.A., Ph.D., F.R.S., Professor of Chemistry in Owens 
College^ Manchester. Piurt II. 4to. 5^. 
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Lockyer (J. N.) — Works by J. Norman Lockyer, F.R.S.— 
ELEMENTARY LESSONS IN ASTRONOMY. With nu- 
merous Illustrations. New Edition. iSmo. 51. 6^/. 

** The Ifookis fullf deary sounds and worthy of attention, not only as 
a popular exposition, but as a scientific * Index.* *^ — Athenaeum. 
** The most fascinating of elementary books on the Sciences,** — 
Nonconformist. 

THE SPECTROSCOPE AND ITS APPLICATIONS. By J. 
Norman Lockyer, F.R.S. With Coloured Plate and numerous 
Illustrations. Second Edition. Crown 8vo. 3J. 6^ 

This forms Volume One ^"Nature Series,** a series of popular 
Scientific Works now in course of publication, consisting of popular 
and instructive works, onpartiaUar scientific subjects — Scientific 
Discover)', Applicatiofis, History, Biography — by some of the 
most eminent scientific men of the day. They will be so written as 
to be interesting and intelligible even to non-scientific readers. 

CONTRIBUTIONS TO SOLAR PHYSICS. By J. Norman 
Lockyer, F. R. S. I. A Popular Account of Inquiries into th« 
Physical Constitution of the Sun, with especial reference to Recent 
Spectroscopic Researches. II. Communications to the Royal 
Society of London and the French Academy of Sciences, with 
Notes. Illustrated by 7 Coloured Lithographic Plates and 175 
Woodcuts. Royal 8vo. cloth, extra gilt, price 31J. 6d. 

** The first part o^the work, presenting the reader with a continuous 
sketch of the history of the various inquiries into the physical con- 
stitution of the sun, cannot fail to be of interest to all who care for 
the revelations of modern science ; and the interest will be enhanced 
by the excellence of the numerous illustrations by which it is accom- 
panied.^'* — Athenaeum. *' The book may be taken as an authentic 
exposition of the present state of science in connection with the im- 
portant subject of spectroscopic analysis, , , , Even the unscientific 
public may derive much information from it.** — Daily News. 

Lubbock. — Works by Sir John Lubbock, M.P., F.R.S.:— 
THE ORIGIN AND METAMORPHOSES OF INSECTS. 
With Numerous Illustrations. Second Edition. Crown 8vo. 
3^. 6d. 

This volume is the second of ** Nature Series,** The Athenaeum 
says : **It is written in a clear and pleasing style, like all the 
author^ s scientific treatises, and is nicely illustrated with outline 
wood-cuts. We can most cordially recommend it to all young 
naturalists.** **As a summary of the phenomena of insect meta- 
morphoses his little book is of great value, and will be read with 
interest and profit by all students of natural history. The whole 
chapter on the origin of insects is most interesting and valuable. 
The illustrations are numerous and good.** — Westminster Review. 
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laV^AiOd^.— continued, 

ON BRITISH WILD FLOWERS CONSIDERED IN RELA- 
TION TO INSECTS. With Numerous Illustrations. Crown 
8vo. 41. 6</. (Nature Series). 

Macmillan (Rev. Hugh).— For other Works by the same 
Author, see Theological Catalogue. 

HOLIDAYS ON HIGH LANDS ; or, Rambles and Incidents in 
search of Alpine Plants. Globe 8vo. cloth. 6j. 
The aim of this book is to impart a general idea of the origin^ cha- 
racter^ and distribution of those rare and beautiful Alpine plants 
which occur on the British hills^ and which are found almost every' 
where on the lofty mountain chains of Europe^ Asia, Africa, and 
America. The information the author has to give is conveyed in 
a setting of personal adventure. ** One of the most charming 
books of its kind ever written." — Literary Churchman. ** Mr. 
M^ s glowing pictures of Scandinavian scenery. " — Saturday Review. 

FIRST FORMS OF VEGETATION. Second Edition, corrected 
and enlarged, with Coloured Frontispiece and numerous Illustra- 
tions. Globe 8vo. 6j. 

The first edition of this book was published under the name of 
^^ Footnotes from the Page of Nature; or. First Forms of Vegeta^ 
iion." This edition contains upwards of lOO pages of new 
matter and eleven new illustrations. **Probctbly the best popular 
guide to the study of mosses, lichens, and fungi ever written. Its 
practienl value as a help to the student and collector cannot be 
exaggerated." — Manchester Examiner. 

Mansfield (C. B.) — a theory of salts, a Treatise 
on the Constitution of Bipolar (two-membered) Chemical Com- 
pounds. By the late Charles Blachford Mansfield. Crown 
8vo. I4r. 

Miller.— the romance of astronomy. By R. Kalley 
Miller, M.A., Fellow and Assistant Tutor of* St. Peter's Col- 
lege, Cambridge. Crown 8vo. 3^. 6d. 

Mivart (St. George). — Works by St. George Mivart,F.R.S. 
&c., Lecturer in Comparative Anatomy at St. Mary's Hospital: — 

ON THE GENESIS OF SPECIES. Crown 8vo. Second 
Edition, to which notes have been added in reference and reply to 
Darwin's ** Descent of Man." With numerous Illustrations, pp. 
XV. 296. 9j. 

**/« no work in the English language has this great controversy 
been treated at once with the same broad and vigorous grasp of 
facts, and the same liberal ajtd candid tefnper.^—SQ.lviTda.y 
Review. 
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Mivart (St. Ql^OV%^)— continued, 

LESSONS IN ELEMENTARY ANATOMY. With upwards of 
400 Illustrations. i8mo. dr. dd, 

**It may be questioned whether any other work on anatomy contains 
in like compass so proportionately great a mass of information," 
— Lancet. 

THE COMMON FROG. With Numerous Illustrations. Crown 
8vo. 3J. dd, (Nature Series.) 
** It is an able monogram of the Frogy and something more. It 

throws valuable crosslights aver wide portions of animated nature. 

Would that such works were more plentiful,^^ — Quarterly Journal 

of Science. 

Murphy. — Works by Joseph John Murphy : — 

HABIT AND INTELLIGENCE, in Connection with the Laws of 
Matter andl Force : A Series of Scientific Essays. Two Vols. 
8vo. 16^". 

" Wie are pleased ta listen,^ says the Saturday Review, *^to a loriter 
who has so firm a foothold upon the ground within the scope of 
his immediate survey, and who can enunciate with so much 
clearness and force propositions which come within his grasp." 

THE SCIENTIFIC BASES OF FAITH. 8vo. 14^. 

Nature.— A WEEKLY ILLUSTRATED JOURNAL OF 
SCIENCE. Published every Thursday. Price 4^, Monthly 
Parts, is. 4^. and is. Sd. ; Half-yearly Volumes, los. 6d„ Cases for 
binding Vols. is. 6d. 

** Backed by many of the best names anumg English philosopherSy and 
by a feiu equally valuable supporters in America and on the Conti- 
nent of Europe." — Saturday Review. ** This able and well-edited 
yournaly which posts up the science of the day promptly^ and 

promises to be of signal service to students and savants 

Scarcely any expressions that we can employ would exaggerate our 
sense of the moral and theological value of the work," — British 
Quarterly Review. 

Oliver.— Works by Daniel Oliver, F.R.S., r.L.S., Professor of 
Botany in University College, London, and Keeper of the Herba- 
rium and Library of the Roysd Gardens, Kew : — 

LESSONS IN ELEMENTARY BOTANY. With nearly Two 
Hundred Illustrations. New Edition. i8mo cloth. 4J. dd. 
This book is designed to teach the elements of JBotany on Professor 
Henslffuf s plan of selected Types and by the use of Schedules. The 
earlier chapters, embracing the elements of Structural and Physio- 
logical Botany, introduce us to the methodical study of the Ordinal 
Types, The concluding chapters are entitled^ " How to Dry 
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OliVQT *~^ continued. 

Plants " and " How to Describe Plants. *' A valuable Glossary is 
appended to the volume. In the preparation of this work free use 
has been made of the. manuscript materials of the late Professor 
Henslow. 

FIRST BOOK OF INDIAN BOTANY. With numerous 
Illustrations. Extra fcap. 8vo. 6s, 6d. 

This manual iSf in substance, the author^ s *^ Lessofts in Elementary 
Botany y" adapted for use in India, In preparing it he has had in 
view the want, often felt, of some handy resume of Indian Botany , 
•which might be serviceable mot only to residents of India^ but also 
to anyone abotU to proceed thither, desirous of getting sotne pre- 
liminary idea of the botany of the country. It contains a well- 
digested summary of all essential knowledge pertaining to Indian 
Botany, wrought out in accordance with the best principles of 
scientific arrangement,^^ — Allen's Indian Mail. 

Penrose (F. C.)— ON A method of predicting by 

GRAPHICAL construction, OCCULTATIONS OF 
STARS BY THE MOON, AND SOLAR ECLIPSES FOR 
ANY GIVEN PLACE. Together with more rigorous methods 
for the Accurate Calculation of Longitude. By F. C. Penrose, 
F.R.A.S. With Charts, Tables, &c. 4to. izs. 

Perry.— AN elementary treatise on ISTEAM. By 
John Perry, B.E.,Whitworth Scholar, &c., late Lecturer m Physics 
at Cliflon College. With numerous Woodcuts^ Numerical Examples, 
and Exercises. i8mo, 4?. (id, 

*^Mr. Perry has in this compact little volume brought together an 
immense amount tf information, new told, regarding steam and 
its application, not the kast of its merits being that it is suited to 
the capacities alike of the tyro in engineering science or the better 
grade of artisan,^ — Iron. 

Pickering.— ELEMENTS OF PHYSICAL MANIPULATION. 
By E. C. Pickering, Thayer Professor of Physks in the Massa- 
chusetts Institute of Technology. Part I., medium 8vo. lOf. 6d, 
* * IVe shall look with interest for the appearance of the second volume, 
and when finished ^Physical Manipulation wHl no doubt be 
considered the best and most complete text-book on the subject oj 
which it treats, ^^ — Nature. 

Rendu.— THE theory of the GLACIERS OF SAVOY. 
By M. LE Chanoine Rendu. Translated by A. Wells, Q.C, 
late President of the Alpine Club. To which are added, the Original 
Memoir and Supplementary Articles by Professes Tait and Rus- 
KiN. Edited with Introductory remarks by George Forbes, B.A., 
Professor of Natiu^al Philosophy in the Andersonian University, 
Glasgow. 8vo., 7^. 6^, 
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Rodwell.— THE BIRTH OF CHEMISTRY. By G. F. Rod- 
well, F.R.A.S., F.C.S. With numerous Illustrations. Crown 
8vo. y, 6d, 

**Mr, Rodwell has produced a thoughtful^ suggestive^ and decidedly 
readable book,** — Quarterly Journal of Science. 

RoSCOe. — >yorks by Henry E. Roscoe, F.R.S., Professor of 
Chemistry in Owens College, Manchester : — 

LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC 
AND ORGANIC. With numerous Illustrations and Chromo- 
litho of the Solar Spectrum, and of the Alkali -« and Alkaline 
Earths. New Edition. i8mo. cloth. 4*. 6d, 
** We unhesitatingly pronounce it the best of all our elementary 
treatises on Chemistry." — Medical Times. 

SPECTRUM ANALYSIS. Six Lectures, with Appendices, En- 
gravings, Maps, and Chromolithographs. Royal 8vo. 21s. 
A Third Edition of these popular Lectures^ containing all the most 
recent discoveries and several additional illustrations. *^Thc 
lectures themselves furnish a most admirable elementary treatise 
on the subject, whilst by the insertion in appendices to each lecture 
of extracts from the most important published memoirs, the author 
has rendered it equally valuable as a text-book for advanced 
students." — Westminster Review. 

Schorlemmer.— A manual of the chemistry of 

THE CARBON COMPOUNDS OR ORGANIC CHEMISTRY. 
By C. Schorlemmer, F.R.S., Lecturer in Organic Chemistry in 
Owens College, Manchester. Svo. I4r. 
**// appears to us to be as complete a manual of the metamorphoses of 

carbon as could be at present produced, and 1/ must prove eminently 

useful to the chemical student. *' — Athenoeimi. 

SpOttiswOOde.— POLARIZATION OF LIGHT. By W. 

Spottiswoode, F.R.S. With numerous Illustrations. Crown 

Svo. 3 J. (>d. (Nature Series.) 

** The illustrations are exceedingly well adapted to assist in maki?i^ 

the text comprehensible." — Athenseum. **/^ clear, trustworthy 

manual." — Standard. 

Stewart (B.)— lessons in elementary^physics. 

By Balfour Stewart, F.R.S., Professor of Natural Philosophy 
in Owens College, Manchester. With numerous Illustrations and 
Chromolithos of the Spectra of the Sun, Stars, and Nebulae. New 
Edition. i8mo. 4f. (>d. 

** The active agents, heat, light, electricity, etc., are regarded as 
varieties of energy, and the work is so arranged that their relation 
to one another, looked at in this light, and the paramount import- 
ance of the laws of energy, are clearly brought out. The voluinc 
contains all the necessary illustrations » The Educational Times 



PHYSICAL SCIENCE. 17 



calls this the beau-idial of a scientific 'text-book^ ^ear, accurate, 
and thorough.'** 

Taylor. — sound and music : A Non-Mathematical Trea- 
tise on the Ph)rsical Constitution of Musical Sounds and Harmony, 
including the Chief Acoustical Discoveries of Professor Helm- 
holtz. By Sedley Taylor, M.A., late Fellow of Trinity Col- 
ledge, Cambridge. Large crown 8vo. 8j. 6</. 
" In no previous scientific treatise tlo we remember so exhaustive and 

so richly illustrated a description of forms of vibration and of 

wave-motion in fluids.**— yiviSicsil Standard. 

Thomson.— THE DEPTHS OF THE SEA : An Account of the 
General Results of the Dredging Cruises of H.M. SS. ** Porcupine *' 
and "Lightning" durii^ the Summers of 1868-69 and 70, under 
the scientific direction of Dr. Carpenter, F.R.S., J. Gwyn Jeffreys, 
F.R.S., and Dr. Wyville Thomson, F.R.S. By Dr. Wyville 
Thomson, Director of the Scientific Staff of the *• Challenger" 
Expedition. With nearly 100 Illustrations and 8 coloured Maps 
and Plans. Second Edition. Royal 8vo. cloth, gilt. 31J. 6d. 
It was the important and interesting results recorded in this volume 
that induced the Govemmetit to send out the great Expedition now^ 
launched under the scientific guidance of Dr. Wyville Thomson. 
The Athenaeum says : ** Professor Thomson^ s book is full of in- 
teresting matter, and is written by a master of the art of popular 
ext>osition. It is excellently illustrated, both coloured maps and 
woodcuts possessing high merit. Those who have already become 
interested in dredging operations will of course make a point of 
reading this work ; those who wish to be pleasantly introduced to the 
subject, and rightly to appredcUe the news which arrives from time 
to time from the * Challenger,* should not fail to seek instruction 
from Professor Thomson.** 

Thornton.— OLD-FASHIONED ETHICS, AND COMMON- 
SENSE METAPHYSICS, with some of their Applications. By 
William Thomas Thornton, Author of **-\ Treatise on Labour." 
8vo. I or. dd. 

The present volume deals with problems which are agitating the 
minds of all thoughtful men. The following are the Contents : — 
/. Ante-Utilitarianism. II. History s Scientific Pretensions. III. 
David Hume as a Metaphysician. IV. Huxleyism. V, Recent 
Pase of Scientific Atheism. VL Limits of Demonstrable Theism. 

Thudichum and Dupre. — a TREATISE ON THE 

ORIGIN, NATURE, AND VARIETIES OF WINE. 

Being a Complete Manual of Viticulture and CEnologyj By J. L. 

W. Thudichum, M.D., and August DuPRfi, Ph.D., Lecturer on 

Chemistry at Westminster Hospital. Medium 8vo. cloth gilt. 25J. 

^^A treatise almost unique for its usefulness either to the wine-grower, 
the vendor, or the consumer of wine. The analyses of wine ar 
the most complete we have yet seen, exhibiting at a glance th 

B 
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constUuettt principles oj nearly all the ftfina knffwn in thzsamniry^^ 
— Wine Trade Review. 

Wallace (A. R.)— contributions to the theor"^ 

OF NATURAL SELECTION. A Series of Essays. By 
Alfred Russel Wallace, Author of ** The Malay Ardiipelago," 
etc Second Editioii, with Corrections and Additions. Crows 
8vo. 8j. dd, (For other Works by the same Author, see Cata- 
logue OF History and Travels.) 

Mr. Wallace has good claims to be considered as an independenl 
originator of the theory of natural selection, Dr, Hooker^ in 
his address to the British Association, spoke thus of the author: 
**0f Mr. Wallace and his many contributions to philosophical 
biology it is not easy to speak without enthusiasm; for, putting 
aside their great merits^ he, throughout his writings, 2vith a 
modesty as rare as I believe it to be unconscious, forgets his own 
unquestioned claim to the honour of having originated indepen" 
dently of Mr. Darwin, the theories which he so ably defends.'** 
The Saturday Review says : *'/Ie has combined an abundance of 
tresh and original facts with a liveliness and sagacity of reckoning 
which are not often displayed so tffectvvdy on so small a scale** 

Warington.— THE week of CREATION; OR, THE 
COSMOGONY OF GENESIS CONSIDERED IN ITS 
RELATION TO MODERN SCIENCK By George War- 
ington, Author of ** The Historic Character of the Pentateuch 
Vmdicated." Crown Svo. 4f. dd. 

"A very able vindication of the Mosaic Cosmogony, by a writer who 
unites the advantages of a critical knowledge of the Hebrew 
text and of distinguished scientific attainments.** — Spectator. 

Wilson. — Works by the late George Wilson, M.D., F.R.S.E., 
Regius Professor of Technology in the University of Edinburgh :— 

RELIGIO CHEMICI. With a Vignette beautifully engraved after 
a design by Sir Noel Paton. Crown Svo. %s. 6d. 
'*A more fascinating volume** the Spectator says, ^^ has seldom 
fallen into our hands** 

THE PROGRESS OF THE TELEGRAPH. Fcap. Svo. \s. 
" While a complete view of the progress of the greatest of human 
inventions is obtained, all its suggestions are brought out with a 
rare thoughtfulness, a genial htimour, and an exceeding beauty of 
utterance** — Nonconformist. 

Wilson (Daniel.)— CALIBAN -. THE MISSING LINK. By 
Daniel Wilson, LLD., Professor of History and English Litera- 
ture in University College, Toronto. Svo. lOf. dd. 
** The whole volume is most rich in the eloquence of thought and 
ijnaginaiion as well as of words. It is a choice contribution at 
once to science, theology, religion, and literature.** — British 
Quarterly Review. 
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"Winslow.— FORCE AND NATURE ; ATTRACTION AND 
REPULSION. The Radical Principles of Enex^ graphically 
. discussed in their Relations to PhysicEd and Morphological De- 
velopment. By C. F. WiNSLOW, M.D. 8vo. 14^. 
^^Deserves thoughtful and conscientious study** — ^Satnrday Review. 

WurtZ A HISTORY OF CHEMICAL THEORY, from the 

Age of Lavoisier down to the present time. By Ad. Wurtz. 
Translated by Henry Watts, F.R.S. Crown 8vo. dr. 

The discourse, as a rdsum^ of chemical theory and research, unites 
singular luminousness and grasp. A few judicious notes, are added 
by the translator J^ — Pall Mall Gazette. ♦* The treatment of the 
subject is admirable, and the translator has evidently done his duty 
most efficiently *^ — Westminster Review. 



WORKS IN PHYSIOLOGY, ANATOMY, AND 
MEDICAL WORKS GENERALLY. 

AUbutt (T. C.) — ON THE USE OF THE OPHTHALMO- 
SCOPE in Diseases of the Nervous System and of the Kidneys ; 
also in certain other General Disorders. By Thomas Clifford 
Allbutt, M.A., M.D. Cantab., Physician to the Leeds General 
Infirmary, Lecturer on Practical Medicine, &c. &c. Svo. 15^. 

THE EFFECTS OF OVERWORK AND STRAIN ON THE 
HEART AND GREAT BLOOD-VESSELS. (Reprinted from 
St. George's Hospital Reports.) 2J. (kI. 

Anderson.— ON THE treatment of diseases of 

THE SKIN : with an Analysis of Eleven Thousand Consecutive 
Cases. By Dr. McCall Anderson, Professor of Practice of 
Medicine in Anderson's University, Physician to the Dispensary for 
Skin Diseases, &c, Glasgow. Crown Svo. cloth. 5j. 

Barwell. — the causes and treatment of lateral 

CURVATURE OF THE SPINE. Enlarged from Lectures 
published in the Lancet, By Richard Barwell, F.R.C.S., 
Surgeon to and Lecturer on Anatomy at the Charing Cross Hospital. 
Second Edition. Crown Svo. 4^. dd, 

Corfield (Professor W. H.)— a digest of facts 

RELATING TO THE TREATMENT AND UTILIZATION 
OF SEWAGE. By W. H. Corfield, M.A., B.A., Professor 
of Hygiene and Public Health at University College, London. 
Svo. lor. 6^. Second Edition, corrected and enlarged. 
^^Mr. Corfield s work is entitled to rank as a standard authority, 

no less than a convenient handbook, in all matters relating to 

seivasfe, " — Athenaeum. 
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Elam (C.)— A PHYSICIAN'S PROBLEMS. By Charles 

EL AM, M.D., M.R.C.P. Crown 8vo. gj. 

Contents :— " Natural Heritage.** " On Degeneration in Man** 
" On Moral and Criminal Epidemics.** '*Body v. MindJ* ** lU 
lusions and HallucinationsJ* ** On Somnamfulism.** ** Reverie 
and Abstraction.** " The book is one which all statesmen^ 
magistrcUeSt clerpymeny medical men, and parents should study and 
inwardly digest. ^-'Ex.zmiii&c. 

Fox. — Works by Wilson Fox, M.D. Lond., F.R.C.P., F.R.S., 
Holme Professor of Clinical Medicine, University College, London, 
Physician Extraordinary to her Majesty the Queen, &c. : — 

DISEASES OF THE STOMACH : being a new and revised 
Edition of **The Diagnosis and Treatment of the 
Varieties of Dyspepsia." 8vo. 8j. 6d. 

ON THE ARTIFICIAL PRODUCTION OF TUBERCLE IN 
THE LOWER ANIMALS. With Coloured Plates. 4to; 51. 6d. 

ON THE TREATMENT OF HYPERPYREXIA, as Illustrated 
in Acute Articular Rheumatism by means of the External Applica- 
tion of Cold. 8vo. 2s. 6d, 

Flower (W. H.)— an INTRODUCTION TO THE OSTE- 
OLOGY OF THE MAMMALIA. Being the substance of the 
Course of Lectures delivered at the Royal Collie of Surgeons 
of England in 1870. By W. H. Flower, F.RS., F.R.C.S., 
Hunterian Professor of Comparative Anatomy and Physiology. 
With numerous Illustrations. Globe Svo. ^s, 6d. 
Although the present work contains the substance of a Course of Lectures^ 
the form has been changed^ so as the better to adapt it as a handbook 
for students. While it is impossible in a scientific treatise to avoid the 
employment of technical terms ^ it has been the author's endeavour to 
use no more than absolutely necessary ^ and to exercise due care in 
selecting only those that seem most appropriate^ or which have re- 
ceived the san tion of general adoption. 

Fliickiger and Hanbury. — pharmacographia : A 

History of the Principal Drugs of Vegetable Origin met with in 
Great Britain and British India. By F. A. FLtJCKlGER, Ph. D., 
and D. Hanbury, F.R.S. Svo. \%s. 
** The book before us is one of the highest character, and fully answers 
the great expectations which had been forrned when it was an- 
nounced. The authors are so eminently distinguished in the 
special researches connected with the origin, composition^ and 
characters of drugs, and their observations have already in so 
many cases cofispicuously helped forward our knoivledge of these 
substances, that one is prepared to find in the work upon which 
they have for sevei'al years been closely engaged, a masterly treat- 
ment cf the subject, appreciative reference to the writings of others^ 
and much original matter."- -Phannaceutical Journal. 
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Galton (D.)— AN ADDRESS ON THE GENERAL PRIN- 
CIPLES WHICH SHOULD BE OBSERVED IN THE 
CONSTRUCTION OF HOSPITALS. Delivered to the British 
Medical Association at Leeds, July 1869. By Douglas Galton, 
C. B. , F. R. S. Crown 8vo. y. 6d, 

**An admirable exposition 0/ those conditions of structure which most 
conduce to cleanliness^ economy^ and convenience.^^ — Times. 

Hood (Wharton).— ON BONE-SETTING (so called), and 
its Relation to the Treatment of Joints Crippled by Injury, Rheu- 
matism, Inflammation, etc. etc. By Wharton P. Hood, 
M.D., M.R.C.S. Crown Svo. ^, 6d. 

The author for a period attended the London practice of the late Mr. 
Hutton, the famous and successful bone-setter, by whom he was 
initiated into the mystery of the art and practice. In the pre- 
sent work he gives a brief account of the salient features of a bone- 
setter's method of procedure in the treatment of damaged Joints, of 
the results of that treatment, and of the clctss of cases in whuh he has 
seen it prove successftU, 

Humphry.— Works by G. M. Humphry, M.D., F.R.S., Professor 
of Anatomy in the University of Cambridge, and Honorary Fellow 
of Downing College : — 
THE HUMAN SKELETON (mcluding the Joints). With 260 
Illustrations, drawn from nature. Medium Svo. 2is. 

OBSERVATIONS IN MYOLOGY. Svo. 6j. 

Ihis work includes the Myology of Cryptobranch, Lepidosiren, Dog- 
Fish, Ceratodus, andPseudopus Pctllasit, with the Nerves of Crypto- 
branch and Lepidosiren and the Disposition of Muscles in Vertebrate 
Animals. The volume contains a large number of illustrations. 

Huxley's Physiology. — Seep, n, preceding. 

Journal of Anatomy and Physiology. 

Conducted by Professors Humphry and Newton, and Mr. Clark 
of Cambridge, Professor Turner of Edinburgh, and Dr. 
Wright of Dublin. Published twice a year. Old Series, Parts 
I. and II., price 7^. 6^. each. Vol. I. containing Parts I. and II., 
Royal 8vo., i6j. New Series, Parts I. to IX. &. each, or yearly 
Vols. I2J. dd. each. 

Leishman. — a system OF MIDWIFERY, including the 
Diseases of Pregnancy and the Puerperal State. By William 
Leishman, M.D., Regius Professor of Midwifery in the Univer- 
sity of Glasgow ; Physician to the University Lying-in Hospital ; 
Fellow and late Vice-President of the Obstetrical Society of 
London, etc. etc. Svo. Illustrated, sor. 

Lankester.— COMPARATIVE longevity in man and 

THE LOWER ANIMALS. By E. Ray Lankester, B.A. 
Crown Svo. 4^. (>d. 
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Maclaren.— TRAINING, IN THEORY AND PRACTICE. 
By Archibald Maclaren, the Gjrmnasium, Oxford Second 
and Cheaper Edition, enlarged. Crown 8vo. 6j. (>d» 

" The philosophy of human health has seldom received so apt an ex* 
position, " — Globe. * * After all the nonsense thai has been written 
about trainings it is a comfort to get hold of a thoroughly sensible 
book at last" — John Bull. 

Macpherson. — Works by John Macpherson, M.D. : — 
THE BATHS AND WELLS OF EUROPE ; Thdr Action and 
Uses. With Notices of Climatic Resorts and Diet Cures. With 
a Map. New Edition, revised and enlarged. Extra fcap. 8vo. 
6j. 6d, 

This work is intended to supply information which will ajford aid in 
the selection of such Spas as are suited for particular cases. It 
exhibits a sketch of the present condition of our knowledge on the 
subject of the operation of mineral waters^ gathered from the 
author's personal observation, and from every other available 
source of information. 

OUR BATHS AND WELLS : The Mineral Waters of the British 
Islands, with a List of Sea-bathing Places. Extra fcap.. 8yo. 
pp. XV. 205. y. 6d. 

Maudsley. — Works by Henry Maudsley, M.D., Professor of 
Medical Jurisprudence in University College, London : — 

BODY ANDjMIND: An Inquiry into their Connection and 
Mutual Influence, specially in reference to Mental Disorders ; being 
the Gulstonian Lectures for 1870. Delivered before the Royal 
College of Physicians. New Edition, with Psychological Essays 
added. Crown Svo. 6^. 6d, 

THE PHYSIOLOGY AND PATHOLOGY OF MIND. 
Second Edition, Revised. Svo. i6j. 

Morgan.— UNIVERSITY OARS: Being a Critical Enquiry 
into the After-health of the Men who rowed in the Oxford and 
Cambridge Boat- Race, from the year 1829 to 1869, based upon the 
personal experience of the Rowers themselves. By John E. 
Morgan, M.D., M.A. Oxon., F.R.C.P., late Captain of the 
John + (Coll. Univ.),i Physician to the Manchester Royal 
Infirmary, author of ** The Deterioration of Races," &c. Crown 
Svo. lox. 6d. 

*' Dr. Morgan^ s book presents in a most admirable manner full and 

accurate statistics \of the duration of life, and of the causes of 

deathy of all the men who have rowed in Oxford and Cambridge 

. . boats from 1829 to 1869, and also gives letters addressed to the 

author by nearly every individual of the number" — Daily Niews. 
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Munro.— -THE SCIENCE AND ART OF NURSING THE 
SICK. By iENEAS Munro, M.D. Crown 8vo. 7^. 6d. 
Contents. — T^ Sick-room — Nurses' and Nursing — Sick Did — 
Appliances — Nursing in Childbed — ImfoUd Cookery. — The 
Medical Times says: ^^ There is muck in this work that the 
young practitioner will beglcui to learn. It is Just the book to put 
into the hands of any intdligent woman intending to qualify as a 
nurscy and if more heads of families were familiar with its teach" 
ingy it would save them mttch anxiety and the doctor much un* 
necessary trouble," 

Pettigrew.— THE PHYSIOLOGY OF THE CIRCULATION 
IN PLANTS, IN THE LOWER ANIMALS, AND IN MAN. 
By J. Bell Pettigrew, M.D., F.R.S., &c. Illustrated by 150 
Woodcuts. 8vo. I2J, 

Practitioner (The).— a Monthly Journal of Therapeutics and 
Public Health. Edited by T. Lauder Brunton, M.D., F.R.S. 
8vo. Price is. 6d, Half-yearly vols. , 8vo. cloth, ioj. 6^. each. 

RadclifFe. — dynamics OF nerve and muscle. By 

Charles Bland Radcliffe, M.I3., F.R.C.P., Physician to the 
Westminster Hospital, and to the National Hospital for the 
Paralysed and Epileptic. Crown 8vo. . 8j. 6d, 

Reynolds (J. R.)— A SYSTEM OF MEDICINE. Vol. L 
Edited by J. Russell Reynolds, M.D., F.R.C.P. Ix)ndon. 
Second Edition. 8vo. 25^. 
** It is the best Cyclopcedia of medicine of the time.^* — Medical Press. 

Part I. General ' Diseases ^ or Affections of the Whole System, 
§ /. — Those determine by agents operating from without y such as 
the exanthemataf malaricU diseases, and their allies. § II. — Those 
determitied by conditions existing within the body, sttch as Gout,. 
Rheumatism, Rickets, etc. Part II. Local Diseases, or Affections 
of particular Systems. § /. — Diseases of the Skin. 

A SYSTEM OF MEDICINE. Vol II. Second Edition. 8vo. 25^. 
Part II. Local DisecLses (continued). § /. — Diseases of the Nervous 
System. A. General Nervous Diseases. B. PartuU Diseases of 
the Nervous System. I. Diseases of the Head. 2. Diseases of the 
Spinal Column. 3. Diseases of the Nerves. § //. — Diseases of 
the Digestive System. A. Diseases of the Stomach, 

A SYSTEM OF MEDICINE. Vol. III. 8vo. 25^. 

Part 11. Local Diseases (continued). § //. Diseases of the Digestive 
System (continued). B. Diseases of the Mouth. C. Diseases of 
the Fauces, Pharynx, and (Esophagus. D. Diseases of the In- 
testines. E. Diseases of the Peritoneum. F. Diseases of the 
Liver. G, Diseases of the Pancreas. § ///. — Diseases of the 
Respiratory Systetn. A. Diseases of the Larynx, B. Diseases of 
the Thoracic Organs, 

A SYSTEM OF MEDICINE. Vol. IV. [In the Press. 
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Reynolds (O.)— sewer gas, and how to keep it 

OUT OF HOUSES. A Handbook onrHouse Drainage. By 
Osborne Reynolds, M.A., Professor of Engineering at Owens 
College, Manchester, Fellow of Queen*s Coll^je, Cambridge. 
Second Edition. Crown 8vo. cloth, is, (>d, . 
'* Professor Reynold^ admirable pamphlet will a thousand times, over 

repay its cost and the natter's most attentive peruscdj* — Mechanics^ 

Magazine. 

Rolleston.— THE HARVEIAN ORATION, 1873. By George 
RoLLESTON, M.D., F.R.S., Linacre Professor of Anaton\^ and 
Physiology, and Fellow of Merton College, in the University of 
Oxford. Crown 8vo. 2s, 6d, 

Seaton.— A handbook of vaccination. By Edward 
C. Seaton, M.D., Medical Inspector to the Privy CoundL Extra 
fcap. 8vo. Ss. 6d, 

Spender.— THERAPEUTIC means FOR THE [RELIEF ' 
OF PAIN. Being the Prize Essay for which the Medical Society 
of London awarded the Fothergillian Gold Medal in 1874. By 
John Kent Spender, M.D., Lond., Surgeon to the Mineral 
Water Hospital, Bath. 8vo. 8j. 6d, 



WORKS ON MENTAL AND MORAL 
PHILOSOPHY, AND ALLIED SUBJECTS. 

Aristotle. — an INTRODUCTION TO ARISTOTLE'S 
RHETORIC. With Analysis, Notes, and Appendices. By E. 
M. Cope, Trinity College, Cambridge. 8vo. 14J. 

ARISTOTf.E ON FALLACIES; OR, THE SOPHISTICI 
ELENCIII. With a Translation and Notes by Edward Poste, 
M.A., Fellow of Oriel College, Oxford. 8vo. 8^. 6d. 

Birks. — Works by the Rev. T. R. Btrks, Professor of Moral Philo- 
sophy, Cambridge : — 

FIRST PRINCIPLES OF MORAL SCIENCE; Or, a First 
Course of Lectures delivered in the University of Cambridge. 
Crown Svo, Ss. 6d. 

** This work treats of three topics all preliminary to the direct exposi- 
tion of Moral Philosophy, These an the Certainty and Dignity 
of Moral Science, its Spiritual Geography, or relation to other 
main subjects of human thought, and its Formative Principles, or 
some elementary truths on which its whole developmetit must 
depend. 
MODERN UTILITARIANISM; or, The Systems of Paley, 
Bentham, and Mill, Examined and Compared. Crown 8vo. 6j. 6d, 
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Boole. — AN INVESTIGATION OF THE LAWS OF 
THOUGHT, ON WHICH ARE FOUNDED THE 
MATHEMATICAL THEORIES OF LOGIC AND PRO- 
BABILITIES. By George Boole, LL.D., Professor of 
Mathematics in the Queen's University, Ireland, &c. 8vo. 14?.: 

Butler.— LECTURES ON THE HISTORY OF ANCIENT 
PHILOSOPHY. By W. A|icher Butler,, late Professor of 
. Mdrifl l*hilosophy in the University of Dublin. Edited from the 
Author's MSS., with Notes, by William Hepworth Thomp- 
son, M.A., Master of Trinity College, arid Regius Professor of 
Greek in the University of Cambridge. New and Cheaper Edition^ 
revised by the Editor. 8vo, 12s, 

Caldenvood. — Works by the Rev. Henry Calderwood, M.A., 
LL.D., Professor of Moral Philosophy in the University of Edin- 
burgh : — 

PHILOSOPHY OF THE INFINITE : A Treatise on Man's- 
Knowledge of the Infinite Being, in answer to Sir W. Hamiltoij 
and Dr. Mansel. Cheaper Edition. 8vo. *js. 6d» 
*^A book of great ability .... written in a clear style, and may- 
be easily understood by even those who are not versed in suck 
discussions^ — British Quarterly Review. 

A HANDBOOK OF MORAL PHILOSOPHY. Second Edition. 

Crown 8vo. 6j. 

"IttSf we/eel convinced, the best handbook on the subject, intellectually 
and morally, and does infinite credit to its author, " — Standard.*' 
**A compact and useful work, going over a great deal of ground 
in a manner adapted to suggest and facilitate further study, . . . 
His book will be an assistance to many students outside his awn 
University of Edinburgh P — Guardian. 

Fiske.— OUTLINES OF COSMIC PHILOSOPHY, BASED 
ON THE DOCTRINE OF EVOLUTION, WITH CRITI- 
CISMS ON THE POSITIVE PHILOSOPHY. By John 
Fiske, M.A., LL.B., formerly Lecturer on Philosophy at 
Harvard University. 2 vols. 8vo. 25^. 

** The work constitutes a very ejffeciive encyclopoedia of the evolution^ 
ary philosophy, and is well worth the study of all who wish to see 
at once the entire scope and purp07-t of the scientific dogmatism of 
the day." — Saturday Review. 

Green (J. H.)— spiritual philosophy : Founded on 
the Teaching of the late Samuel Taylor Coleridge. By tlie 
late Joseph Henry Green, F.R.S., D.C.L. Edited, with a 
Memoir of the Author's Life, by John Simon, F.R.S., Medical 
Officer of Her Majesty's Privy Coimcil, and Surgeon to St* 
Thomas's Hospital. Two Vols. Svo. 25J. 
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Jardine. — the elements of the psychology of 

COGNITION. By Robert Jardine, B.D., D.Sc., Principal of 
the General Assembljr's College, Calcutta, and Fellow of the Uni- 
versity of Calcutta. Crown 8va 6s, 6d, 

Jevons. — THE SUBSTITUTION OF SIMILARS, the True 

Principle of Reasonii^. Derived from a Modification of Aris- 

totie's Dictum. By W. Stanley Jevons, M.A., Professor of 

Logic in Owens College, Manchester. Fcap. 8vo. 2j. 6if. 

**Mr. yevons* book is very cUar and intelligible^ and quiU worth con- 

suiting^ — Guardian. 

MaCCoU. — THE GREEK SCEPTICS, from Pyrrho to Sextus. 
An Essay which obtained the Hare Prize in the year 1868, By 
Norman Maccoll, B.A., Scholar of Downing College, Cam- 
bridge. Crown 8vo. 3 J. dd, 

M'Cosh. — Works by James M'Cosh, LL.D., President of Princeton 

College, New Jersey, U.S. 

** He certainly shows himself skilful in that application of logic to 
psychology i in thai inductive scieftce of the human mind which is 
the fine side of English philosophy. His philosophy as a whole is 
worthy of attention.** — Revue de Deux Mondes. 

THE METHOD OF THE DIVINE GOVERNMENT, Physical 

and Moral. Tenth Edition. 8vo. 10s, 6d. 

**This work is distinguished from other similar ones by its being 
based upon a thorough study of physical science, and an accurate 
knowledge of its present condition, and by its entering in a 
deeper and more unfettered manner than its predecessors upon the dis- 
cussion of the appropriate psychological, ethical, and theological ques- 
tions. The author keeps aloof at once from the ^ priori idealism and 
dreaminess of German speculation since Schelling, and from the 
onesidedness and narrowness of the empiricism and positivism 
7uhich have so prevailed in England** — Dr. Ulrici, in "Zeitschrift 
fur Philosophic. " 

THE INTUITIONS OF THE MIND. A New Edition. 8vo. 

coth. I Of. dd. 

^^ The ufidertaking to adjust the claims of tJie sensational and in- 
tuitional philosophies, and of the \ posteriori and h. priori methods, 
is acco7iiplishcd in this work with a gi'cat amount of success. ** — 
Westminster Review. ^^ I value it for its large acquaintance 
with English Philosophy, ivhich has not led him to neglect the 
threat Gerpian works. I admire the moderation and clearness, as 
well as comprehensiveness, of the author's views" — Dr. Dorner, of 
Berlin. 

AN EXAMINATION OF MR. J. S. MILL'S PHILOSOPHY: 

Being a Defence of Fundamental Tmth. Crown 8vo. 7j. 6d. 
^^Such a work greatly needed to be done, and the author was the man 
to do it. This volume is important, ttot merely in reference to the 
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M'Cosh {].)— continued. 

views of Mr. Mill, but of the whole school of writers, past ana 
present, British and Continental, he so ably represents" — Princeton 
Review. 

THE LAWS OF DISCURSIVE THOUGHT : Being a Text- 

book of Formal Logic. Crown 8vo. 5^. 

** The amount of summarized information which it contains is very 
great; and it is the only work on the very important subject with 
which it deals. Never was such a work so much needed as in 
the present day." — London Quarterly Review. 

CHRISTIANITY AND POSITIVISM : A Series of Lectures to 
the Times on Natural • Theolc^ and Apologetics. Crown 8vo. 
7j. (yd. 

THE SCOTTISH PHILOSOPHY FROM HUTCHESON TO 
HAMILTON, Biographical, Critical, Expository. Royal 8vo. i6j. 

Masson.— RECENT British philosophy: a Review 
with Criticisms ; including some Comments on Mr. Mill's Answer 
to Sir William Hamilton. By David Masson, M.A., Professor 
of Rhetoric and English Literature in the University of Edinburgh. 
Crown 8vo. ds. 

^^ We can nowhere point to a work which gives so clear an exposi- 
iion of the course of philosophical speculation in Britain during 
the past century, or which indicates so instructively the mutual in- 
flUences of philosophic and scientific thought." — Fortnightly Review. 

Maurice. — Works by the Rev. Frederick Denison Maurice, 
M.A., Professor of Moral Philosophy in the University of Cam- 
bridge. (For other Works by the same Author, see Theological 
Catalogue.) 

social morality. Twenty-one Lectures delivered in the 
University of Cambridge. New and Cheaper Edition. Crown 8vo. 
10s. 6d. 

** Whilst reading it we are charmed by the freedom from exclusiveness 
and prejudice, the large charity, the loftiness of thought, the eager- 
ness to recognize and appreciate whatever there is of real worth 
extant in the world, which animates it from one end to the other. 
We gain new thoughts and newways of viewing things, even more, 
perhaps, frotn being brought for a time under the influence of so 
noble and spiritual a mind." — Athenseum. 

THE CONSCIENCE: Lectures on Casuistry, delivered in the 
University of Cambridge. New and Cheaper Edition. Crown 
8vo. 5^. 
The Saturday Review says: *^We rise fro?n them with detestation 

of all that is selfish and mean, afid with a living impression that 

there is such a thing as goodness after all." 
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Maurice :ontinued. 

MORAL AND METAPHYSICAL PHILOSOPHY. VoL L 
Ancient Philosophy and the First to the Thirteenth Centuries ; 
Vol. II. the Fourteenth Century and the French Revolution, with 
a glimpse into the Nineteenth Century. New Edition and 
Preface. 2 Vols. 8vo. 25^. 

Murphy,— THE SCIENTIFIC BASES OF FAITH. By 
Joseph John Murphy, Author of " Habit and Intelligence." 
8vo, 14J. 

** The book is not withotU substantial value; the writer continues the 

work of the best apologists of the last century, it may be with less 

force and clearness, but still with commendable persuasiveness and 

tact ; and with an intelligent feeling for the changed conditions of 

the problem y — Academy. 

PictOn, -THE MYSTERY OF MATTER AND OTHER 
ESSAYS. By J.. Allanson Picton, Author of " New Theories 
and the Old Faith.*' Crown 8vo. loj. dd. 
Contents :— The Mystery of Matter— The Philosophy of Igno- 
rance — The Antithesis of Faith and Sight — The Essential Nature 
of Religion — Christian Pantheism, 

Sidgwick.— THE METHODS OF ETHICS. By Henry 

SiDGWicK, M.A., Lecturer and late Fellow of Trinity College, 

Cambridge. 8vo. 14J. 

** This excdlent and very welcome volume. .... Leaving to m eta- 

physicians any further discussion that may be needed respecting the 

already over-discussed problem oft/ie origin of the moral faculty, he 

takes it for granted as readily as the geometrician takes space for 

granted, or the physicist the existence of matter. But he takes little 

else for granted, and defining ethics as * the science of conduct, * he 

carefully examines,^ not the various ethical systems that have been 

propounded by Aristotle and Aristotle's followers downwards, but 

the principles upon which, so far as they confine themselves to the 

strict province of ethics, they are based J''' — Athenaeum. 

Thring (E., M.A.)— thoughts on life-SCIENCE. 

By Edward Thring, M.A. (Benjamin Place), Head Master of 
Uppingham School. New Edition, enlarged and revised. Crown 
8vo. 7J-. dd, 

Venn. — the logic of chance : An Essay on the Founda- 
tions and Province of the Theory of Probability, with especial 
reference to its application to Moral and Social Science. By John 
Venn, M.A., Fellow of Gonville and Caius College, Cambridge. 
Fcap. 8vo. 7f. 6^. 
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The Publishers only state the acknowledged truth when they 
say that Nature has become the accredited oigan of the lead- 
ing scientific men in both the Old and the New World. 

No man can now lay claim to be considered intelligent and 
well-read unless he knows something of the principles of 
Science, and keeps himself au cotiranl with the most recent 
developments of scientific principles in the various Arts. The 
all-important part which is being gradually assigned to Science 
in Education, in the Arts and Manufactures, in Commerce, and in 
Social Economy, is evident to all ; and there is no surer sign of 
a wide-spread regard for Science than the desire which exists 
among all classes of intelligent readers for scientific literature 
which is not beyond the range of those who can read and think. 
In the " fresh fields and pastures new," which scientific explorers 
are every year making accessible, are to be found feasts of in- 
struction and pleasure of the highest kind, apparently inex- 
haustible, and fraught with the healthiest results to body and 
mind. So that, while "literature," in the old sense of the tenn. 
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still holds, and will continue to hold, its place, there is a general 
craving abroad for scientific literature possessing a general 
interest. 

One of the great aims of the Publishers of Nature is to 
satisfy this laudable craving. This, however, is not accom- 
plished, by boiling down Science, or by offering to the public 
articles deprived of all that is characteristically scientific, but 
by avoiding the minute details of the s^arate sciences, and by 
expounding, in a popular and yet authentic manner, the Grand 
Results of Scientific Research, discussing the most 
recent scientific discoveries, and pointing out the bearing of 
Science upon civilization and progress, and its claims to a more 
general recognitioii, as well as to a higher place in the educa- 
tional system of the country. 

Original Articxes on all subjects coming within the domain 
of Science are contributed by the most eminent scientific men 
belonging to all parts of the world. 

Reviews, settmg forth the nature and value of recent scien- 
tific works, are written for NATURE by men who are acknow- 
ledged masters in their particular departments. 

The Correspondence columns of Nature, while forming 
a medium of scientific discussion and of intercommunication 
among the most distinguished men of Science, have become 
the recognised organ for announcing new discoveries and new 
illustrations of scientific principles among observers of Nature 
all the world over, — from Japan to San Francisco, from New 
Zealand to Iceland. 

The Serial columns of Nature contain the gist of the most 
important Papers that appear in the numerous Scientific Journals 
which arc now publishea at home and abroad, in various lan- 
guages ; while longer ABSTRACTS are given of the more valuable 
Papers which appear in foreign Journals. 

The Principal Scientific Societies and Academies of 
the world, British and Foreign, have their transactions regularly 
recorded in Nature, the Editor being in correspondence, for 
this purpose, with representatives of Societies in all parts of the 
world. 

Notes from the most trustworthy sources appear each week, 
recording the latest gossip of the scientific world at nome and 
abroad. 

In short, the Publishers venture to repeat. Nature is the 
recognised organ of Science throughout the world- They have 
aimed, they believe successfully, so to conduct the paper that it 
shall have a claim on all readers. Its articles are brief and 
condensed, and are thus suited to the circumstances of an 
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active and busy people, who have little time to read extended 
reviews and elaborate treatises. 

Nature is, moreover, well calculated to be of great service 
to teachers in any way connected with Science, or who give a 
place, however small, to Science in their course of instruction. 
It will keep them informed of all that is most recent and 
valuable in Science, and enable them to add constant freshness 
and interest to their instruction. 

In order to make the paper more and more valuable to the 
general reader, and to supply a want which it is believed is felt 
by many, series of Papers, profusely illustrated, have been re- 
cently commenced, consisting of interestingly and instructively 
written articles, on particular scientific subjects — Scientific 
Discovery, Applications, History, Biography — by some of the 
most eminent scientific men in the kingdom. Among the 
works which have appeared, are appearing, or willj appear in 
Nature shortly, the Publishers are already enabled to announce 
the following : — 

"The Spectroscope and its Applications,'' by J. Norman 
LOCKYER, F.R.S. 

" The Origin and Metamorphoses of Insects," by Sir John 
Lubbock, Bart., M.P., F.R.S. 

"The Science of Weighing and Measuring," by H. W. 
Chisholm, Warden of the Standards. 

" The Polarization of Light,'' by WILLIAM Spottiswoode, 
F.R.S. 

" Meteorites," by N. S. Maskelyne, F.R.S., Keeper of the 
Mineral Department, British Museum. 

"Mountain and Valley Sculpture," by Professor Geikie, 
F.R.S. 

" The approaching Transits of Venus," by Professor FORBES. 
" The Birth of Chemistry," by G. F. Rodwell, F.C.S. 
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